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INTRODUCTION

This compilation, comprising Appendix A {Volume II}
of Final Report for "Design and Development of Diborane
Shipping Container", consists of pertinent documents of
record in contacts with Department of Transportation to

obtain and revise Special Permit No. 6522.

Each document is included as sent to DOT, although
in some cases additional notes have been added (and identi-
fied as such). Individual documents have page numbers at
the top, while appendix page numbers (A-1, A-2, etc.) have
been added at the bottom. The same situation applies to
table numbers and figure numbers, which have each been given
consecutive numbers Al, A2, etc. in addition to the original

numbers.

These documents have been grouped in two parts. First
js the initial petition to DOT, submitted in June 1971 to
request a special permit. The second part contaiﬁ§ addenda,
including support of the initial petition and requests for

revisions to the permit after it had been issued.

DOT Special Permit No. 6522 was received on 27 December
1971, First Revision to the permit was received on 24 April

1972. Second Revision (current) to DOT Special Permit No.
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6522 was received on 18 September 1972, with an expiration
date of 15 September 1972.
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cce 71-12

200-POUND DIBORANE SHIPPING CONTAINER

: DESIGH‘& PERFORM&NcE 

Developed Under Contract Number ‘NASW 1827

SUBMITTED JUNE 1971

by

CALLERY CHEMICAL COMPANY
-OIVISION OF MINE SAFETY APPLIANCES COMPANY
CALLERY, PENNSYLVANIA |
16024

Page A-3



f::;iLJJEE%W’cnienwtyu:cxzwﬁQAAn'

OVISION OF MINE GAFETY APPLIANCES COMPANY

CALLERY, PENNSYLVANIA 16024 o PHONE (412 533;3510

14 June 1977

Office of the Secretary‘of Transportation
Washington, D. C. 20590

Attention: HWr. Gordon ﬁousseau
Chief, Special Permits Branch
Office of Hazardous Materials

‘Dear Mr. Rousseau:

Under Contract Number NASW 1827..Calléry Chemical Company
has developeéd and tested a new container for shipment of

diborane.

~ The ﬁew container is designed for shipment of 200 pounds
of 1iquid diborane; and 1t incorporates the same design con;
cepts of safety and reliability which have bermitted Callery
to accumulate an excellent shipping record for &iborane in

quantities up to 40 pounds.

The attached document gives the container performance
test data, along with complete as-built drawings. Safe time
for shipment was shown to be over thirty (30) days; therefore, .
we feel that a permit based on fifteen (15) days would give a

comfortable margin of safety, while expediting delivery.
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GLLEF?Y CHEMICAL COMPANY

- Mr. Gordon Rousseau | -2 -

Callery Chemical Company hereby requests your favorable
consideration in granting a special permit for use of this
container. Please advise if any fufther information 1s re-

quired for your decision on this special permit épplication.

Very truly yours,

CALLERY CHEMICAL COMPANY
DIVISION OF MSA COMPANY

ANkl

K. W, Beahm
Project Leader

KWB:jp
Attachments

. ec: Mr. R. M. Graziano, Agent .

Bureau of Explosives

Association of American Ra11roads
1920 L. Street, N. W.

Washington, D. C. 20036

Mr. W. B. Powell, Technical Manager (2 copies]
Jet Propulsion Laboratory _
California Institute of Technology

Building 125, Room 224-

4800 O0ak Grove Drive _

Pasadena, California 91103

NASA _ _
Headquarters Contracts Division
Washington, D. C.. 20546

Attn: The Contractlng Officer, Code DHC-6 .
Subject: Contract NASW-1827

Mr. Frank E, Compitello/Code RPL
. NASA-QART _ _
- Liquid Propulsion Technology
600 Independence Avenue
Washington, D. C. 20546 -
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CALLERY CHEMICAL COMPANY

200-POUND DIBORANE SHIPPING CONTAINER
"~ BACKGROUND '

Callery Chemical Company has been shipping diborane
as a flammable compressed gas since 1953 and as a liquid
since 1959. Callery holds Special Permit Number 930 for
~shipment of gaseous diborane and diborane-inert gas mixtures
in non-refrigerated overpacks, under specific conditions
outlined in the permit. Callery also holds Special Permit
Number 970 for shipment of liquid diborane in overpacks
contafning dry ice for refrigeration. These permits were
rewritten and reissued in their present wording in January
1968. Over the years Callery has an excellent.-record for
safe shipment ofldiborané; In addition we have handled
diborane with,consisieptly excellent safety'records;in our

laboratories dhq prﬁductiop plants.

Currenfly the largest Singlé package pefmiti‘shipméﬁt
of up to 40 pounds of diborane in a DOT-3AA2400 Ayljpder
surrounded by dry ice in an insulated box. Gross shipping
weight of this paékagelis about 1300 pounds, and SpeciST
Permit 970 requires delivery within ten (10) days.
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CALLERY GHEMITAL COMPANY

3%

Prospect of increased future demand for diborane renders
this package inadequate for the projected quantities and

impractical from the standpoint‘of handiing labor.

In accordance with the anticipated increased use of
diborane, NASA awarded Contract Number NASW-1827 to Callery
Chemical Company for the design and development of a con-
tainer for shipment of approximately 200 pounds of tiquid
diborane. Work began on ? November 1968 and has continued

to date under the same contract number.

Notification of this work was given to the Department
of Transportation and to the Bureau of Explosives on 15
November 1968. Upon completion of the initial design. com-
plete drawings were submjtted to these agencies on 15 July
1969. Callery representafives met with Bureau of Explosives
personnel on 24 September 1969, and the Bureau's recommenda-
tions were incorporated into the design. An exchange of
comments on the -design was made with D.0.T. in November and
December 1969. Subsequently the container has been tested

with the results presented herein.
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- CALLERY CHEMICAL COMPANY

200-POUND DIBORANE SHIPPING CONTAINER
DESIGN | S

Design concept fdr this container was selected to take
full advantage of the success aéhieved in shipping diborané_
" for over fifteen years. :Uﬁ;thfs basis dry ice was chosen
as the refrigerant; because this eliminates the need for |
control devices used in iiquid nitrogen or other Tiquid flow-
type refrigeration systems. In addition dry ice is compara¥
tively much easier to obtain and add to a container which

"has been delayed in trans1t.

Detail design of the container was performed by CVI
Corporation, subsidiary of Pennwalt Corporation, under sub-
contract to Callery. Full advantage was taken of Callery's
experience in terms of ﬁaterials of construction, valve
types, etc. for diborane service. CVYI contributed the exper-
tise in cryogenic vessel design technology to achieve the
necessary insulation efficiency and strength. Unlike Callery's
previous diborane cylinder overpacks, the new container de-
pends to a lesser degree upon the dry ice and to a greater
extent on a much more effective insulation around the inner

tank containing the diborane,

Reference to Figure 1 and Figure 2 will show the general

layout of the new container; with a 36-inch diameter spherical
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CALLERY CHEMICAL COMPANY

inner tank for the diborane, surrounded {(except for the dry
ice bhambér) by a_48 inch_diémeter cylindrical shell con- B
taining perlite insulation evacuated to about ten microns
absolute pressure. Over 100 pounds of dry ice may be added
through a bellows-sealed neck into a chamber in direct con-
tact with the top of the sphere. The spherical tank contain-
ing the diborane is coded for a maximum working pressure of
500 psig at -320 to +100°F., protected by a 550 psig rupture

disk and 550 hsig relief valve connected in series.

Instruments are provided to indicate temperature, pres-
sure, and liquid level. A audio-visual alarm is activated
by temperature in excess of -35°C..‘§hich should occur after
about 20 days; this allows over ten days before reaching 0°C.,

still well below the point where pressure relief will occur.

In keeping with end use requirements of NASA, the liquid
unloading rate was designed for a minimum of 0.2 pound per
second with 100 psi pressure differentigl. Actual unloading
rate of 0.2 pound per second was obtained with a pressure

differential of only 20 psi.

The container is designed for handling by fork 1ift or
by crane; gross shipping weight is about 2890 pounds. Enve-
lope dimensions are 4'-4" diameter and 6'-6" height. Center

of gravity 1s shown on Figure 1 and Figure 2.
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CALLERY CMEMICAL COMPANY

All supports. cqmpohents. and auxiliaries are designed
to withstand, without damage or leakage, forces of 8 g verti-
cally down and in all’ho?i;ontal,directions. and 4 g verti-

cally up.

Storage time, volumetric. loading, and pressure- tempera- |
ture limitations are discussed in the Performance sectuon

fo]1owing.

CVI Corporation has calculations for strength of the
inner vessel support system, and these could be made available

for review if necessary.
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FIGURE 1

DIBORANE SHIPPING CONTAINER, ELEVATION VIEW
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FIGURE A-2

" FIGURE 2

DIBORANE SHIPPING CONTAINER
PLAN VIEW
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CALLERY CHEMICAL COMPANY

200-POUND DIBORANE SHIPPING CONTAINER
PERFORMANCE

Container performance is summarized by'Figure 3 and
Table 1 in this section; complete information is given in

the Data Tables Section following.

Limitation on safe storage or shipment time is

pressure:
LIQUID VAPOR LIQUID
TEMP., PRESSURE, FILL
°C , psig ¥
0 385 76
9.8 500 _ 88
12.2 s 550 : g8
12.5 560 100

Complete liquid fi11 occurs at 12.5°C., whereas maximum
working pressure of 500 psig is reached near 10°C. For a
practical limit, Callery has chosen a pressure of 400 psig;
which, allowing for small partial pressure of non-condens-
ables, is equivalent to about 0°C. This then becomes the
temperature at which the container should be iced to recool;

realizing, however, that is not an absolute limit.

Secondly, from the product purity standpoint it is de-
sirable that the normal naximum temperature be maintained
about -25 to -35°C., below which decomposition is essentially

nil. Initially -35°C. had been selected as the normal maximum
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CALLERY CHEMICAL COMPANY

operating temperature; that is, the temperature reached by
a container delivered within the time required by the shipping

permit.

Figure 3 and Table 1 show that the dry ice was spent
in fourteen days, but it was over twenty days before the
contents reached -35°C. When the test was discontinued
after 29 days, the pressure was 300 psig and the tempera-
ture was ~10°C. Extrapolation of teﬁperature rise at the
‘same rate shoﬁs that 0°C. would not be reached until over
33 days. All of these data.are based on an ambient tempera-
ture of.75°F1}3hqwéier. ambient femperatuée'ocbasionally '

rose as high as 92°F.

The perfofmancé'achjeged.with this container is adequate
for consideration of a Zd—daj shippiﬂg-pérmit, both in terms
“of safety-facfor to locate and reice a lost shipment and in
terms of preserving product_purity.l It should be possible,
however, to routinely obtain.délivery within fiftéen days,
particularly in view of the fact that we cﬁrrently maké all
shipments within ten days. Use of a fifteen day permit will
have the effect of éxpediting delivery more so than a twenty
day permit. In any case the safe'shipping time 15 well over:

thirty days.
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FIGURE 3

©30- DAY STORAGE TEST RESULTS
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Table A-1

Table 1

DIBORANE SHIPPING CONTAINER
30-DAY STORAGE TEST RESULTS

TINE,
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ot st i vt el ol Sand b ek

RN D
Wi

[y R ]
o~y

*29
*30
*31
*32
*33
*34

SMOOTHED DATA-EV

" DRY ICE,
POUNDS.

108.0.
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93.8
85.4
77.0
68.6

OO OLOOCOOOO RO

*Extrapolation

EN DAYS

PRESSURE

PS1G

18.0
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24.2
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g]gz.{Y20€>
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364.4
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406.3
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200-POUND DIBORANE SHIPPING CONTAINER

DATA TABLES

This section contains complete data on the container
'prebaration. chafging. and storage test; as follows:
TABLE 2 - 30-DAY STORAGE TEST RESULTS
- SMOOTHED DATA-LINEAR SEGMENTS
These results wefe obtained by plotting dry ice
weight, container pressure, and container temperature
data from Tab}e 4; and fitting a series of straight
Tines through each set of data. This then became the
basis for the even-day data given in Table 1.
TABLE 3 . PRECOOLING for
, 30-DAY STORAGE TEST
Prior to charging diborane, the container was
precooled by charging liquid nitrogen into the inner
tank. About one week was allowed for cooling to be-

low -B80°C., and the excess liquid nitrogen was removed

prior to charging with diborane.

Page A-18



- 13 -

CALLERY CHEMICAL COMPANY

TABLE 4 DIBORANE CHARGE. for
: 30-DAY STORAGE TEST
Diborane was charged in two steps, separated by
a topping operation to remove non~condensables (nitrogen
initially present and a small quantity of inerts fed with
the diborane). The initial charge of 203.5 pounds was
accomplished in about four'hours using an external con-
denser, designed and operated to add the liquid diborane
at about -75°C. After topping to a net weight of 197
pounds, the second charge was made; and after retopping,
the final diborane net weight was 201.5 pounds.
TABLE 5 30-DAY STORAGE TEST
"COMPLETE DATA
Upon completion of the diborane charge, 108 pounds
of dry ice was added; and the container was sealed for
thermal testing. Ambient temperature was maintained at'
about 75°F,; however, with no cooling capability, this
temperature occasionally ranged as high as 92°F. This
phase of the test was discontinued after 29 days by add-
ing dry ice to begin recooling, as sufficient data were

available for reliable extrapolation to 0°C.
TABLE 6 POST-TEST RECOOL

Data records were continued during the recooling
period to demonstrate that continued low-temperature
storage is possible and practical. Temperatures below

-70°C. were achieved.
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Table A-2

Table 2

DIBORANE SHIPPING CONTAINER
30-0AY STORAGE TEST RESULTS
SMOOTHED DATA-LINEAR SEGMENTS

TIME DRY ICE PRES. TEMP °C. REMARKS
DAYS ~ LBS PSIG ACTUAL INDIC. '
0.00 108.0 18 -79.0 -85.5 Start
0.0] - - - -82
0.10 - 19 - -
0.21 - - -77.5 -
1.65 96.75 - - -
2.65 - 26 -73.0 -
11.29 15.75 - - -
11.64 - - - -77.5
12.29 8.5 - - -
12.68 - 39 - -
13.10 - - -65.8 -
13.64 - - - =71
13.67 - 42 -65.0 -
13.88 0 - - -68
14.02 - - - -61
14, 30 - 49 -62.1 -54
15.10 - - - -47
15. 81 - - -53.8 -
16.66 - - - -4]
17.86 - - - - -38.5
18.29 Co- - -43.0 -
19.03 - 120 - -
19.10 - - - -32 Alarm
19.66 - - - -30
20.6? - - -34.7 2—
21.8 - - - -26
21.89 - - - -21.5 Slosh
22,34 - 173 - -
23.22 - - -27.0 -
24.65 - - - -18
25.64 - 231 - -
26,64 - - «17.6 -
2p-95 - - - =10
28.93 0 300 -11.0 -9
28.94 65.5 290 -12.3 -10 Dry Ice Added
29.72 22.5 140 -36.0 -33
29.98 13.5 125 -39.2 -39
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‘DIBORAHE SHIPPING COMTAINER - PRECOOLING

TABLE A-3 PAGE 1 OF 2
TABLE 3 PAGE 1 OF 2

CONTAINER AMBIENT  SCALE LN2 X

TIME DATE 124 P VACUUM TEMP. READING  WEIGHT  REMARKS

°C PSIG  MICRONS °F. LBS. LBS.
1320 4/13/71 29 - 24.5 - 2582.5 0 Started adding LN?2
1326 4/13/71 29 - 7.0 - 2583.5 1
1328 4713/ 71 29 - 5.5 - 2584 1.5
1335 4/13/ 1N 29 - 4.0 - 2585 2.5
1350 4/13/ 7N 29 - 3.5 - - 2589 6.5
1410 4/13/71 26 - 3.0 - 2603 20.5
1425 4/13/71% 25 - 2.9 - 2608 25.5 LN2 off
1450 4/13/71 21 - 6.0 - 2602 19.5 LN2 on
1503 4/13/71 20 - 3.0 - 2611 28.5 Compl }st §0.1.
1505 4/13/71 - - - - - - Start 2nd 50 1,
1540 4713/71 19 - 2.5 - 2678 95.5 Compl 2nd 50 1.
1542 4/13/71 - - - - - - Start 3rd 50 1. (half full)
1550 4/13/71 19 - 2.3 - 2695 112.5 Compl 3rd 50 1.
1605 4/13/71 14 19 16 - 2691 108.§
1625 4713/ - - 23 - - -
0810 4/14/71 -60 30 0.5 50 2648 65.5
0915, 414/ 7 ~62 30 0.8 53 2647 64.5
1300 4/14/71 -70 30 0.9 58 2640 57.5
1650 4/14/71 -74 29 0.6 60 2634 51.5
2200 4714/ -80 29 0.1 56 2627 44.5
0815 4/15/7 -89 30 0 50 2614 31.5
0920 4/15/71 -88 29 0.3 55 2613 30.5
1340 4/15/71 ~-88 29 0.9 65 2608 25.5
1650 4/15/71 -88 29 0.8 63 2604 21.5
2330 4/15/71 -88 28 0.2 54 2598 15.5
0810 4/16/71 -9¢ 30 0 54 2591 8.5
0915 4/16/71 =90 8 0 56 2795 212.5 LN,
1200 4716/ ~-92 18 1.0 67 2793 210.5 .
1625 §416/71 -93 29 1.4 69 2793 210.5
1200 4417/71 =100 39 0.3 60 2781 198.5 Py
2245 4017/711 =101 39 0.2 59 27N 188.5 '
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DIBORANE SHIPPING CONTAIMER - PRECOOLING

CONTAINER AMBIENT SCALE L2

TIME DATE Tl Pl YACUUHM TEHP, READIHG  WEIGHT  REMARKS
°C PSIG  MICRONS °F. LBS. LBS. '

1320 §/18/71 -103 39 1.1 70 2754 171.8
0830 4719/ -103 38 0.4 61 2732 149.5
0905 = 4/19/71 -102 40 0.% 63 2731 148.5
1545 4/19/71 -102 38 2.1 79 2723 140.5
2200 4/19/71 ~103 38 1.0 65 2716 133.5
0810 4/20/71 -102 40 0.2 57 2705 122.5 .
1115 4720/ -103 75 2.8 70 2704 ~121.5  Leak Testing
1345 4/20/71 -102 205 1.7 73 - _ - Removed LN2
1620 4/20/17) -102 5 2.0 78 2588.5 -
2000 4720/ 7 -102 5 1.7 71 2588 -

0.5 60 2588 -

0805 4721/ 1 -100 5

-91-
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- . DIBORANE SHIPPING CONTAINER
DIBORANE CHARGE FOR 30-DAY STORAGE TEST

fVI = Voltagg Indicator;

LI = jevel Indicator ﬂFoqtqote added October 1972]

- CONTAINER COND. AMB SCALE BoHg  CHARGE
TIME DATE T1 PI VI® LI* VAC INLET TEMP READING WEIGHT TIME  REMARKS
°C PSIG % % s PSIG_ _°F LBS L.8S MIN.
0805 4/21/717 =100 5 - 0 0.5 - 60 - - - .. Gas sample | _
0905 §/21/711 - - - - - - - 2580 - - + Tare disconnected
1000 ~ 4721/ 7) - - - - - - - . 2600 - - Tare connected
1105 4/21/ N -98 0 - - 0.6 - 61 2617 - - Ory ice added
1129 4/21/N - 0 - - - 110 - - - - Open to cond.
_1132 4721/ N -98 0 80 0 0.4 - 59 2617 - -
114 4721/ - 0 - - - 110 - 2617 0 0 Started charge
1146 421/ N - 10 - - ~ - - 2618 1 2 _
1147 4721/ 71 -98 10.5 - - - - - 2620 3 3
1148 4721/ N - 10.5 - - - - .- 2622 5 4
1150 a/21/ N - 10.5 - - - 10) - 2624 7 6
1151 4721/ 7 - N - = - - - 2625 8 7
1153 4721/ - . - - - 96 - 2625 8 9 Dip tube plug
1156 4721/ N - 11 - - - 82 - 2627 10 - 12 Tube opened
1157 /21771 - n - - - - 84 - 2628 1 13
1157.5 &4/21/ 7N -98 12 - - - 84 - 2630 13 13.5
- 1159 4,21/ -98 13 80 7 - 90 - 2633 16 15 . - -
- 1200 472/ -98 - - - -. - . 2634 17 16 Closed By feed
1233 - 472/ -97 - - - - 126 57 2635 18 - : .
1241 4r21/ 71 - 14 - - - 122 - 2635 18 16 Opened By feed
1242 4/21/171 - - - = - - - 2636 19 17 :
1243 4721/ 1 - 14 - - 0.4 - - 2638 21 18 - '
1243.5 4/21/71 - - - - - ~ - 2639 - 22 18.5 Reduced feed rate
1244 4721/ - 14 - - - - - 2641 24 19 -
1245 4721/ - 16 - - - - - 2642 - 25 20
1246 a/21/ 71 - < - - - - - 2644 27 21
1248 4721/ -97 19 - 15 - - 2646 29 23
1249 4721/717 - - - - - - - 2648 31 24 Reduced feed rate
12590 4/21/ 1 - - - - - 104 - 2649 32 25 e
1251 - 4721/ - 20 - - - - - 2650.5  33.5 26 '
1253 4/21/7 - 20 - - - - - 2652.5 3% 28 -
1255 4/21/ 71 - - - - - - - 2653 36 30 ~
1257.5 4/21/71 - - - - - - - 2655 38 32.5 '
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DIBORANE SHIPPING CONTAINER
DIBORANE CHARGE FOR 30-DAY STORAGE TEST

. CONTAINER COND AMB  SCALE  B2Hg  CHARGE

TIME  DATE TIT ™ PI VI LT VAC INLET TEMP READING - WEIGHT TIME  REMARKS
. °C. PSIG % % .~ PSIG _°F LBS _~ _LBS MIN. -
1259 4721717 - .20 - - = - - . 2657 - 40 34
1301 4721/7% - - - - - 98 -© 2659 - 42 36
1304  4/21/717  -96 20 - - 21 - - - 2661 " 44 39
1306  4/21/71. - 20 - - - - - 2663 .. 46 41
1308 4/21/71 - 21 - - - - - . 2665 .. 48 43
1310 4721/70 - 21 - - - 98 - 2667 50 46
1313 4721771 -96 21 - - - 94 - " 2669 " 52 48
1316  4/21/71 . - 22 - - - .- . . 2671 54 51
1318 4721777 - 24 - - - - - 2673 - 56 . 53
1321 4/21/71. 295 24 - - - 90 -~ 2675 58 56
1323 4721/70 - < - < e e . 2677 60 58
1326  4/21/71 - 25 - - - 87 - 2679 62 60
1328 4721/71 - 27 - - - - - 2681 - 64 63
1331 4721/ - 27 - - - 86 - 2683 66 66
1333 4721/711 - - e - e - 2685 68 68
1336  4/21/71 - 30 - 30 - - - 2687 10 71
1338 4/21/77  -95 30 - - - 84 . 2689 72 73
1340.5 4/21/7% < - 30 - - - - - - 2691 74 75.5
1345  4721/71 - 30 - - - = - 2695 78 80
1348 4/21/71 - 30 - - - - - 2697 . 80 83
1350.5 4/21/7% - - - - - a7 - 2699 82 85.5
1353 472171 - e - 2701 84 88
1355 4721/71 - - - - . - 2703 . 86 90
1358 4/21/71 -95. 31 - 35 - 92 -~ 2705 88 93
1359.5 4/21/71 - 31 - - - - & 2707 . 90 94.5
1401  4721/71 - 3 - - - - 2709 - 92 96
1403.5 4721/ - - - - .- 93 : 2711 ° . 94 98.5
1406  4/21/71 - 32 - - 4 - - 2713 - 96 101
1408.5 4/2V/71 « - - - = - - 2715 = 98 103.5
M 42141 - 35 - - - 93 - 2717 7 100 106
1413 4/21/7V  -95 35 - 38 - - <2719 - 102 108
1415 4721771 -95 35 - - - 93 - 2721 104 110
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DIBORAHE SHIPPING CONTAINER
DIBORAHE CHARGE FOR 30-DAY STORAGE TEST

_CONTAINER COND  AMB SCALE BoHg  CHARGE
TIME DATE Ti Pl VI LI VAC INLET TEMP READING WEIGHT  TIHE REMARKS
°C_ PslG % % s PSIG °F LB8S LBS MIN.
1417 4/21/7 - 37 - - - - - 2723 106 112
1419 4721771 - 7 - - 95 - 2725 108 114
1421 4/21/71 - 38 - - 0.2 - 58 2727 110 116
1423 4721771 - 39 - - - - - 2729 112 118
1426 4/721/71 - 32 - - - 98 - 2731 14 121
1428 4/21/71 - 40 - 43 - - - 2733 116 123
1430 4/21/171 - 40 - - - - - 2735 118 125
1431.5 4/21/71 - 40 - - - 100 - 2737 120 126.5
1433.5 4/21/71 - 40 - - - - - 2739 122 128.5
1436 4721771 - 0 - - ~ 98 - 2741 124 131
1438 4/21/71 - 40 - - - - - 2743 126 133
1440 4/721/71 - 40 - - - - - 2745 128 135
1443 4721/ - 40 - - - .. . < 2747 130 138
1445 4721/ 71 - 40 - - - - - 2749 132 140
1506 4/21/71 -91 43 - 5t 0.2 - 55 2767.5 150.5 161
1509 a/21/ 1 - 43 - - - - - 2770 153 164
1515 4721/ 11 -91 45 - - - 82 - 2775 158 170
1522 4/21/ 7 -91 46 - - - 81 - 2780 163 176
1528 4/21/11 -91 47 - - - 78 - 2785 168 182
1535 4721/ -91 48 - - - 76 - 2790 173 189
1540 4721771 ~-91 49 - 60 - 75 - 2793 176 194
1544 4/21/71 -91 49 - -~ - 72 - 2796 179 198
1550 4721/ - 50 - - - 71 - 2798.5 181.5 204
1552 4721771 - 56 - - - - - 2800 183 206
1554 4/21/71 -91 50 - - 0.2 69 56 280) 184 208
15658 4721/ -91 50 - - - 68 - 2803 186 212
1601 4721/ N -91 50 - - - 65 - 2805 188 218
1603 4/21/71 - 50 - - - - - 2806 189 217
1606 47217171 ~-30.5 50 - - - 64 - 2807 190 220
1609 4721771 -90.5 50 - - - - - 2809 192 223
1612 4/21/ 71 -90 50 - - - 64 - 2810 193 226
1618 4721/ -90.5 S50 - - - 62 - 2812 195 232

- 6L -
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 DIBORAHE SHIPPING CONTAINER .
DIBORANE CHARGE FOR 30-DAY STORAGE TEST

COND ~ AMB  SCALE = BaHg  CHARGE

TINE DATE TI PI VI LI VAC INLET TEMP READING .WEIGHT  TIME REMARKS
°C PSIG £ % .~ PSIG ~_°F LBS =~ L8S MIN. o

1620 4721771 -90/5 50 - 65 - 62 - .2813.5 . 196.5 234

1624 4721/ 11 -90.5 50 - - - 63 - 2815 198 - 238

1627 4727/ N -90 50 - - - 63 59 - 2816 . 199 241

1632 4721/ 7 -90 50 - - - 62 - 2816.5 199.5 246

1636 4,21/ 71 -90 50 - 65 0.2 62 58 = 2817 200 .- - 250.

1643 47217171 -90 50 - - - 60 57 . 2818 .- 201. . 287 R
1646 4721/ N -90 51 79 - - 60 -+ 2818 . . 201 260 - o
1650 4721771 -90 51 - 65 0.2 58 57 2818.5 . .201V.5* 264 Closed Bp feed..
1920 4721771 -89.5 56 78 65 0.1 - 527 2818 et e - T
2340 4/21/11 -89 5% 78 65 0 - 48.. 2817 . - .=
0825 4722771 -87 58 78 65 ¢ - 50 . 2815 = - . = .
0835 4722/ - - - - - - - 2803.5 ° 203.5* .- Weight w/9 dry ice
1115 4722/ -86 29 - - 0.3 - 49 2809.% - - Started topping 60845
1200 4722/ 71 -86 26 - - 0.3 - 49.. 2808 - - - Stopped topping

1242 4722771 - - 22 - - - - - 28%Y - - Started topping

1310 4722771  -86 22 - .« 0.3 . 49 = 2807 - - o , L

1330 4722/171 - 20 - - - - iy 2806.5. . = - ' ¥ -
1345 4722771 -86 19 - - - - 85 2805.5 - - - Gas Sample 2 :
1350 4/22/71 -86 18 - - - - - 2805.8 - - Finished topping :
1400 4722/ - - - - - - -l 2796.5  196.5 - - Weight w/o dry fce -
1403 472277 -86 18 - - - - -. - 2805 . - 197 264 Weight with dry 1ce
1405 4722/ 1N - 19 - - - 106 - 2805.5. 197.9 266 \Restarted B2 feed
1406 4722471 - 20 - - - - -~ 2806 - 198 . 267 - - C
1407 4722/ - - - - - - - 2806 - 198 268  Increased feed rate
1408 4722771 - 20 - - - - - 2807 199 . 269 ' S
1409 4722/ - 20 - - - - - 2808 = . 200 270
1410 4722/71 - - - - 0.3 90 49 - 2809 - 201 2N .
1411 4722/ - 21 - - - - - -0 2810 - 202 272 o
1411.5 4722171 - 21 - - - - -.;..2810.5  202.5 272.5 |Stopped feeding: _
1412 4722/ 11 - - - - - - =< 2811 - 203 273 Height with dry dce
1415 4/22/71% - - - - 0.2 10 50: - 2803 203.0 eiaght w/o dry ice-
1525 4,22/ -86 18 - - 0.3 - 51

*Actua) Bolig weight 203.5 due to 2.0 lbs. dry ice loss q@fing.thahgipgﬂ_._

281075  203.0 - Weight with dry ice
: . _ ','

[ 3%
Py
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DIBORAHE SHIPPING CGNTAIHER
DIBORANE CHARGE FOR 30- DAY STORAGE TEST

COND AMB  SCALE  BaHg  CHARGE - -
INLET TEMP READING WEIGHT  TIME  REMARKS

Ting DATE TI Pl VI LI VAC
°C_ PSIG % %~ PSIG_ - _°F LBS  LBS HIN.
1540  4/22/71 - - 8 66 - 2810.5 203.5 -~ Start topping
1545  4722/71 =86 19 0.3 §2 2810 - - S
1555 4722/ -86 18 S - 2810 . {?as Sample 3
. 53 . 2809.5 inished topping

1600 4/22/ 71 -86.5 18 .-
1601 4722/ 71 - - .2801.5  201.5

- ‘Weight w/o dry ice
- 2781.5 201.5

L LY
w
Ot I1L IO 1 O
.. o
o
| N I T S R |
w
T T I

1615 4722/ - - . Disconnected
1617 4722/71 - - ' -o=. 0 2783 - SY Connected
1645 4/22/71 -85.5 18 8 0.3 ‘54 2891 - Dry ice charged

Start of test

NOTE: In the original publication to DOT, this page of this table had
fncorrectly been Tabeled "TABLE 5". Correction made October 1972,

12 -
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DIBORAKE SHIPPING CONTAINER
30-DAY STORAGE TEST

CONTAINER ANMB SCALE DRY

TIME DATE DAYS TI P1 VI¥ LI ¥ VACUUM TEMP READING ICE, REMARKS
- °C PSIG % _ % _ MICRONS °F LBS LBS. _
1645 4722/ 0.00 -85.5 18 78 0 0.3 .- 2891.0 108 Start of test
1700 4722771 0.01 -82 18 - - 0.9 74 2891.0 - 108 '
1915 4722/ 0.10 -82 19 - - 1.4 69 2890.75 107.75
2145  4722/71 0.21 -82 19.5 - - 1.8 73 2890.0 107
2400 4/22/71 0.30  -82 19.5 - - 1.8 A 2889.25 106.25
0810 4723771 0.64 -82 20.5 790 2.0 72 2887.0 104
. 0840 4723/ 0.66 -82 20.5 - - 2.0 N 2887.0 104
1505 4/23/ 1 0.93 -82 - 21 - - 2.0 72 2885.0 102.
1645  4723/71 1.00 -82 21 81 0 2.1 76 2884.5 101.5
1915 4723/ .10 -82 22 - - 2.3 77 2883.75 100.75
0045 4724/ 1.33 -82 23 82 0 2.4 78 2881.75 98.75
0815 4724/ 1 1.65 -82 23 82 0 2.3 74 2879.75 96.75
1755 4724771 2.05 -82 24 82 ¢ 2.3 72 2876.25 33.25
0815  4/725/71 2.65 . -82 26 © 82 O 2.3 73 2872.0 89
1330 4725/ 2.86 -82 26 82 0 2.6 74 2870.0 87
2400 4725/ 3.30 -82 27 82 0 2.7 77 2866.0 83
0815 4726/ 71 3.65 -82 27.5 81 0 2.5 82 2863.5 80.5
0845 4/26/71 3.67 -82 27.5 82 0 2.7 73 2863.25 80.25
1625 4726/ 71 3.94 -82 28 - - 2.7 72 2861.5 78.5
2345 4/26/7) 4,29 -81 - 28 82 0 2.9 74 2857.75 74.75
0810 4/21/ N 4.64 -81 29 82 0 2.8 74 2855.0 72
0840 4727/ 11 4.66 -81 29 82 65 2.9 73 2854.5 1.5
1305 4727/ 4.85 - 81 29 82 65 3.0 72 2852.75 69.75
1600 4727/71 4.97 -8l 29 - - 3.0 76 2852.0 69
1645 4727/ 5.00 -80.5 29.5 81 65 2.9 73 2851.75 68.75
1930 4727/ 5.11 -80.5 29.5 81 65 3.1 77 2850.75 67.75
2400 4727/ 5.30 -80.5 29.5 81 65 3.3 75 2849.0 66.0
0810 4/28/7 5.64 -80.5 30 81 65 3.0 72 . 2846.0 63.0
QRas 4728/ T 5.67 -80 30 81 65 3.2 74 2846.0 63.0
1500 4728/71 5.93 -80 30.5 81 65 3.8 77 2844.0 - 61.0
1930 4/28/71 6.11 -80 31 81 65 3.4 75 2842.0 59.0
*¥] = voltage Indicator; LI = Level Indicator [Footnote added October 1972]
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DIBORANE SHIPPING CONTAINER
30-DAY STORAGE TEST

CONTAINER AMB SCALE DRY

TIME DATE DAYS TT PT VI CI1 ~ VACUUR TEMP  READING ICE, REMARKS
°C PSIG % % MICRONS °F _L8S LBS.
2345  4/28/71 6.29 -80 3 81 65 3.4 74 2840.75 57.75
0810 4/29/7] 6.64 -80 31 81 65 3.5 76 2837.5 54.5
0845 4/29/71 6.67 -80 31 81 0 3.7 75 2837.75 54,75
1320 4/29/71 6.86 - -79.5 31 82 0 3.7 76 2835.75 52,75
1500  4/29/71 6.93 -80 31 - - 3.5 78 2835.5 52.5
1615 4729/ 6.98 -79 - 32 82 0 3.8 78 2835.0 52.0
1916 4/29/7 7.10 -79 32 82 ¢ 3.7 75 2834.0 51.0
2350 4/29/71 7.30 -79 32 82 ¢ - 3.7 75 2832.25 49,25
0810 4/30/71 7.64 -79 32 81 65 3.8 74 2829.5 46.5
0840 4/30/71 7.66 -79 33 81 65 3.9 75 2829.25  46.25
1555  4/30/71 7.97 -79 32 - - 3.8 72 2827 44,0
1600 4730/71 7.97 -79 33 81 65 4.0 77 2826.75 43.75
1916 4/30/7 8.10 ~-79 33 81 65 3.8 74 2825.75  42.75
2345 4730/ 8.29 -79 33.5 B1 65 3.8 73 2824 41.0
0910 5/1/71 8.68 -78.5 34 81 65 4.0 76 2821 38.0
1745. 5/1/71 9.04 -78.5 34.5 81 65 3.9 74 2818 35.0
0820 5/2/71 9.65 -78 35 81 65 4.0 75 2812.75 29.75.
1326 5/2/ 1 9.86 -78 35 81 65 4.0 74 2811.0 28.9
1916 §5/2/71 10.10 -78 35 81 65 3.9 73 2808.75 25.75
2345 5/2/71 10.29 -78 35 81 65 4.0 74 2807.25  24.25
0810 5/3/71 10.64 -78 35 81 65 4.0 75 2804.0 21.0
0845 5/3/71 10.67 -78 36 81 65 4,2 77 2804.0 21.0
1650 §/3/7 10.96 -78 36 - - 4.0 78 2801.5 18.5
1645 5/3/71 11.00 -77.5 36 81 65 4.1 75 2801.25 18.25
1930 573/ 11.11 -77.5 36 81 65 3.9 75 2800.25 17.25
2345 5/3/N 11.29 -77.5 36 81 65 3.9 76 2798.75 15.75
681G 5/4/7 11.64 -77.5 37 81 65 3.9 7 2796.0 13.0
-0900  5/4/71 11.68 -77.5 37 81 65 4.2 75 2796.0 13.0

-82 -
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DIBORANE SHIPPING CONTAIMNER

TIMKE DATE DAYS Tl Pl

: . °C PSIG
1340  S5/4/71  11.92  -77 37
1520 574/71  11.94 .77 38
1915 574/71  12.10  -77 37
2345 57471  12.29  -76 38
0810 - 5/5/71  12.64  -76 39
0900 - 5/5/71  12.68  -75 39

1820 5/5/71  12.90  -74.5  39.5
1525 5/5/71  12.94  -75 40
1700  5/5/71  13.01  -73.5 40
1915  57/5/7%  13.10  -73.5 40
2345  5/5/71  13.29  -72.5 41
0810 5/6/71  13.64 -7 a2
0855 5/6/71  13.67 -7 42
1350 5/6/71  13.88  -68 43
1545 5/6/71 13.96 -66 43
1710 5/6/71  14.02  -61 46
1915 5/6/71  14.10  -58.5 47
2400  5/6/71  14.30  -54 49
. 0810 - 5/7/71  14.64  -51 52

0840 5/7/71. 14.66  -50 53.5
1305 5/7/71  14.85  -49.5 58
18300 5/7/71  14.95 .49 59
1645 5/7/71  15.00  -48 60
T1918  577/71  15.10  -47 61
2345 5/7/71  15.29  -46.5 63
120 5/8/71 15.81  -44 72
1756 5/8/71  16.05  -43 74
0830 5/9/71  16.66  -41 83
1340 579771  16.87  -40.5 88
1745 5/9/71 17.04  -40 90

30-DAY STORAGE TEST

Vi
.z_.

81

81
81
81
81
80

81
81
81
81
81
80

81
81
81
81
81
81

81

81
81
81
81
81
81
8]

LI

z

65
65
65
65
66
67
67
67
67
67

67
67.5

68.5
69
69
A
71
71
72
72
n
71
70
70
71
72

AMS . SCALE DRY
VACUUM TEMP  READING  ICE,  REMARKS
MICRONS °F LBS LBS
4.2 73 2794.5 1.5
4.0 72 2794 11.0
4.2 78 2793 10.0
4.3 75 2791.5 8.5
4.2 12 2789.0 6.0
4.4 74 2788.0 5.0
5.1 . 18 2787.5 4.5
4.8 75 2787.0 4.0
4,8 75 7 2786.75 3.75
4.8 78 2786 3.0
4.8 75 2785 2.0
4.9 76 2783 Qo .
5.0 78 2783.25 0.25
5.1 74 2782.25 -0.25
4.9 - 12 2782.5 -0.5
5.1 75 2782.25 -0.75
5.1 © 75 2782.5 -0.5
5.6 - 75 2782.25 -0.75
5.5 74 2782.25 -0.7%
5.7 .75 2782.5 -0.5
6.1 76 2782.5 -0.5
6.2 78 2782.2% -0.75
6.7 79 2782.5 -0.5
6.6 76 2782.5 -0.5
6.3 75 2782.5 -0.5
6.6 74 2782.1%5 -0.25
6.7 75 2782.5 -D.5
6.8 74 2782.5 -0.5
7.7 78 . 2782.25 -0.75%
8.3 78 2782.5 -0.5

-bz-
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DIBORANE SHIPPING CONTAINER
30-DAY STORAGE TEST

AMS SCALE -~ DRY
TIME DATE DAYS TI1 PI VI L1 VACUUM  TEMP READING ICE, REMARKS
- o PSIG % % MICRONS _°F LBS LBS.
2030 5/9/71 17.16 -39.5 91 81 71 8.1 76 2782.5  -0.5
2400 579771 17.30 -39.5 93 81 71 7.9 76 2782.25  -0.75
0815 5710/7%  17.65 -39.5 100 81 71 7.5 82  2782.25 -0.75
0820 5/10/71  17.65 -39 100 - - 7.5 - - -
1320 5/10/71  17.86 -38.5 102 81 72 8.8 80  2782.5  -0.5
1550 5/10/71  17.96 -39 102 - - 9.0 80  2782.25 -0.75
1600 5/10/71  17.97 -37.5 103 81 71 9.4 81  2782.5  -0.5
1915 5/10/7V  18.10 -37 106 81 71.5 9.7 80  2782.5  -0.5
2145 5/10/71  18.21  -36 108~ 81 71 3.1 75  2782.5  -0.5
2345  5/10/71  18.29  -36 109 81 71 9.1 75  2782.5  -0.5
- 0810 5/11/71  18.64  -35 Nz 81 n 8.5 72 2782.25 -0.75
0840 5/11/71  18.66 -35 113 81 70 8.8 76  2782.25 0.5
1105  5/11/71  18.76 -35 117 81 7N 9.6 80 °© 2782.5  -0.5
1320 S5/11/71  18.86 -34.5 118 81 71  10.1 81  2782.5  -0.5
1500 5/11/77  18.93  -34 M9 81 72 11.0 82  2782.5  -0.5
1535  5/11/71  18.95  -34 19 - - 10.5 83  2782.25 -0.75
1645 5/11/71  19.00 -33.5 120 81 71  11.5 84  2782.5 0.5
1725 5/11/71  19.03  -33 120 8 71 11.5 84  2782.5  -0.5
1915 5/11/71  19.10 -32 121 63 8 11,5 81  2782.5  -0.5 Alarm Sounded
01600 5/12/71  19.34  -31 127 55 100  10.5 76 2782.5 ° -0.5
0815 5/12/71  19.65 -30.5 130 21 30  10.0 74 2782.5  -0.5
0830 5/12/71  19.66  -30 131 55 100  10.2 75  2782.5  -0.5
1315 5712771 19.85 -30 133 13 0 11.0 79  2782.5  -0.5
1600 5/12/71  19.97 -30 136 - - 10.5 74  2782.5  -0.5
1715 5/12/71  20.02 -29.5 137 22 28  10.5 76 2782.5  -0.5
1915 5/12/71  20.10 -29.5 138 24 29  10.2 75  2782.5 . 0.5
2345 5/12/71  20.29 -29.5 140 23 32 10,2 74 2782.5 0.5
0810 5/13/71  20.64  -29 148 24 40 9.9 72 2782.5  -0.5 :
0835 5/13/71  20.66 -29 147 24 32 10.2 75  2782.5  -0.5
1645 5/13/71  21.00 -28 152 25 30 9.8 73 2782.5  -0.5 N
|
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TIME DATE DAYS TI PI .
_ °C_ pSiG
1905 5/13/71 21.10 -28 153
0140 s5/14/ 7N 21.37 -27.5 158
0810 5/14/71 21.64 -26.5 160
0845 S5/14/71 21.67 -26.5 163
1340 5/14/71 21.87  -26 166
- 1405 5/14/71 21.89 -21.5 166
1916  §/14/71 22.10 -21.5- 170
0100 5/15/71 22.34 -21.5 173
0945 5/15/71 22.71 -21.0 180
1745 5/15/71 23.04 -20.5 187
2200 5/15/71 23,22 -20.0 190
0830 5/16/71 23.66 -19.5 197
1400 5/16/7 23.89 -19.5 202
0815 S/217/ 7 24.65 -18 215
1600 5/17/71 24,97 =17 220
17306 5/717/71 25.03 -8 220
0800 - 5/18/71 25.64 -14 231
0810 5/18/71 25.64  -15 232
1550 5718/ 25.96 -14 240
0800 5/19/71 26.64  -11 251
0807 S5/19/71 26.64 -10.5 250
15645 5/719/71 26.96 -10 260
0805 5/20/71 27.64 10 270
1645 5/20/71 27.96 - 9.9 280
0807 5/21/1N 28.64 - 9.5 290
0815 5721/ 28.65 - 8 290
- 1500  5/21/7 28.93 - 9 300
1520 S5/21/7 28.94 -10 290

TABLE A-5 PAGE 5 OF 5

TABLE 5 PAGE 5 OF §

DIBORAHE SHIPPING CONTAINER

30-DAY STORAGE TEST

LI T 2™ TN D N NN o™ I D D N NN SN SN B
o

LI

£

28

L) Lo
L r

-

R AR LN
o

Dry lce Added

AMB.  SCALE _ DRY
VACUUM  TEMP READING ICE,  REMARKS
MICRONS  SF LBS T
9.8 75 2782.5  -0.5
9.8 74 2782.5 . -0.%
9.8 72 2782.5  -0.5 |
9.7 74 . 2782.8  -0.5 |
10.5 77 2782.85  =0.5 . Start Sloshing
1.0 77 - 2782.0  -1.0  Finish Sloshing
1.5 76 2782.5  -0.5 S
1.0 80 . 2782.5 - -0.5
1008 75 2782.5 - .<0.5
13.0 82 - 2782.75  -0.25
13.0 79 2782.75 -0.25
12.5 76 2782.75  -0.25
15.0 84  2782.75  -0.2%
12.5 72 2782.5  -0.5
16 84  2782.5  -0.5
17 83 e
13 700 -l
12 72 2782.5  -0.5
19 92 2782.5  -0.5
16 7¢ - 20T o
16 74 2782.5  -0.5
21 91 2782.5  -0.5
19 76 2782.5  -0.5
21 85"  2782.5  -0.5
17 72 2782.5  -0.5 |
2" 12 2825 -005 f o
o 2 8 05 - "
18.5 80 2848.0 5.5 ond of Test
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DIBORANE SHIPPING CONTAINER
POST-TEST RECOOL

AMB.

= Level Indicatgr

[Footnote added October 1972]

- 12 -

- SCALE DRY
TIME DATE DAYS T1 PI VI* LI* VACUUM TENP READING ICE, REMARKS
' °C PSIG % % - MICRONS °F LBS LBS.
0807 5/21/ 7 28.64 - 9.5 290 3 0 17 72 2782.5 -0.5
0815 5/21/7 28.65 - 8 290 - - 17.5 75 - -
1500 5/21/7 28.93 - 9 300 - - 20 82 2782.5 -0.5 End of Test
1520 5/21/71 28.94 -10 290 - - 19.5 80 2848.0 65.5 Dry Ice Added
1000 5/22/71 29.72 -33 140 - - 10.5 70 2805.0 22.5
1620 5/22/7 29.98 -39 125 - - 10,0 74 2796.0 13.5 '
1630 5/22/71 29.99 © -4 121 - - 9.5 74 2866.0 83.5 Ory Ice Added
2245 5/23/71 31.25  =§3 70 - - 6.0 68 2830.5 48.0
0815 §/24/7 31.65 -59 60 5 0 4,9 68 2822.5 40.0
~ 1600 5/24/71 31.97 -60 57 - - 5.9 80 2816.5 34.0
& 0805 §5/25/7 32.64 -62 50 5 0 5.3 76 2805.0 22.5
% 1550 5/25/71 32.96 -65 48 - - 5.5 78 2800.0 17.5.
» 0010 5/26/71 33.31 -63.5 43 - - 5.0 74 2796.0 13.5
' 0807 5/26/7 33.64 -66 42 5 0 4.1 69 2792.5 10.0
w1500 5/26/7 33.93 -65 40 - - 4.3 68 2790.0 . 7.5
2200 §5/26/7 34,22 -66 42 - - 4.3 71 2787.5 5.0
0810 §5/27/ 1 34.64 -66 42 5 0 3.9 66 2785 2.5
1835 §/27/71 34.95 -66 - 48 - - 4.5 n 2783.5 1.0
0930 5/28/7) 35.70  -55 52 - - 4.0 63 2782.5 0
1500 . 5/28/71 35.93  -52 59 - - 5.2 72 2782.5 0
1545 5/28/71 35.96 -60 55 - - 4.8 68 2867.5 85.0 Ory lce Added
2215 5/28/71 36.24 -63 47 - - 3.4 67 2860.5 78.0 .
1030 5/29/711 36.74 -68 42 - - 2.6 65 2852.5 .70.0
1750 5730/ 38.04 -71 37 - - 3.8 76 2837.0 54.5
1140 5731/ 38.79 -72 36 - - 4,2 74 2829.0 46.5
2400 5731/ 39.30 -72 34 - - 3.8 75 2824.0 41.5
0810 6/1/71 39.64 -72 35 5 0 3.6 72 2820.5 38
1885 6&/1/ 1N 39.97 -72 35 - - 5.5 88 2817.0 34,5
2050 6/1/N 40,17 -72 32 - - 5.4 83 2815.90 32,5
0815 6/2/71 40.65 72 32 5 0 4,9 78 2810.0 27.5%
1600 6/2/71 40.97 -72 31 - - 4.9 77 2807.5 25.0
0810 6/3/7 41.64 -72 31 5 0 4,9 77 2801.5 19.0
*V1 = Voltage Indicator; LI
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TABLE A6 PAGE 2 OF 2
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DIBORANE SHIPPING CONTAINER
POST-TEST RECOOL

© AMB, SCALE DRY
I VACUUM TEMP READING ICE, REMARKS

TIHE DATE DAYS TI PI VI L
°C__ PSIG- % % MICRONS _°F LBS LBS.
1600  6/3/7] 41.97  -712 33 - - 6.0 88  2798.5 16
0810  6/4/71 42.64  -72 31 - - 4.9 76 2792.5 10
1405  6/4/71 42.89 -72 .- - 7.0 90  2790.5 8
1425  6/4/71 42.90  -72 31 - - 6.9 86  2853.5 7 Dry Ice Added
1925  6/4/71 43.11  -73 . 33 - - 5.4 83 2850 67.5
1145  6/5/71 43.79 -74 - 31 - . 4.4 80 2842 59,5
1430 6/6/71 44,91  -74 3N - - 4.7 83 2833 §0.5
2345  6/6/71 45.29  -74 30 - - 3.2 70 2826.5 a4

- 8¢ =~
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200-POUND DIBORANE SHIPPING CONTAINER

DRAWINGS

Followihg is a complete list of as-built drawings for fabri-
cation and assembly of the 200-pound diborane shipping container.
A copy of each drawing is enclosed with this document.

A458-5800 Flow Schematic

A458-5801 Final Assembly

A458-5802 Sh 1 & 2 Piping and Instruments

A458-5803 Sh 1 & 2 Main Assembly

A458-5804 Sh 1 & 2 Inner Vessel - Assembly Of
A458-5805 Inner Vessel - Details

A458-5806 Sh 1 & 2 Top Head ~ Assembly Of

R458-58G7 Top Head - Details

A458-5808 Vacuum Filter - Assembly Of
A458-5809 Bottom Head - Assembly & Detail
A458-5810 Thermal Plug - Assembly Of
A458-5811 Suspension Bracket - Assembly Of
A458-5812 Sh 1 & 2 Suspension Bracket - Details
A458-5813 Bracket-Pressure Gage

A458-5814 Standoff Ring - Assembly Of
A458-5815 Lifting Bracket Details
A458-5816 Quter Shell - Assembly Of
A458-5817 : Top Panel - Assembly OFf
A458-5818 Sh 1 & 2 Side Panel - Assembly OfF
Ad458-5819 Valve Cover - Assembly Of
A458-5820 Fill Port - Perlite, Assembly & Detail
A458-5821 Sh 1 & 2 Electrical Schematic & Panel Layout
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CCC 71-12 (ADDENDA)

ADDENDA TO
PETITION TO DEPARTMENT OF TRANSPORTATION
FOR SPECIAL PERMIT

200-POUND DIBORANE SHIPPING CONTAINER
DESIGN & PERFORMANCE =

Developed Under Contract Number NASw 1827

ADDENDA: 14 JUNE 1971 - 18 SEPTEMBER 1972
ORIGINALLY SUBMITTED JUNE 1971

by

CALLERY CHEMICAL COMPANY
DIVISION OF MINE SAFETY APPLIANCES COMPANY
CALLERY, PENNSYLVANIA
16024
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g_..:_ =Y CHEMIGQL COMPANY

DVISION OF MINL GAFETY APPLIANCES COMPANY

CALLERY, PENNSYLVANIA 15024 » PHONE {412) §38-3510
© 29 July 1971

-

0ff1ce of The Secretary of Transportation
Washington, D. C. 20590

" Attention: Mr. James Grothe i
Chief, Special Permits Branch
o - 0ffice of Hazardous Haterials
e.jDear Mr. Grothe.~

; - This letter refers to the diborane shipping container
- developed and tested by Callery Chemical Company under Contract

- Number NASW 1827, The data contained herein are an addition

~to the report subm1tted on 14 June 1971 in application for a
=spec1a1 permit. . : g :

. In telephone conversat1ons with Mr. Paul Seay of

.. your office, the limits of diborane net weight were discussed.
“We agreed that the basic permit should be issued for 200 * 2

~ pounds net weight of diborane, but that an amendment should

- allow for smaller guantities of diborane, : .

Attached is a .table showing the shipping time versus -
quantity in 20-pound increments of diborane net weight, As
discussed in the initial presentation, the temperature of 0°C
corresponds to & pressure approaching 400 psig or 80 percent
of the maximum working pressure., Further, the temperature of
-35°C was set as a somewhat arbitrary upper limit for the
normal delivery time. On this basis the minimum quantity would
be 100 pounds for a 15-day shipping permit. The container
delivered in 15 days would arrive at a temperature approaching
-35°C, and there would be an add1t1ona1 seven days before
reach1ng 0°cC. .

Use of the container for quantities less than 200
pounds will be infrequent, but we feel this possibility should
be covered by the regulations. We feel that 100 pounds is the
minimum quantity for shipment under a 15 day permit, Further,
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CaLLERY cHEMcAL COMPANY

Mr. James Grothe | B . Page 2

we feel that use of the 15 day permit for a quantity range is
preferable to a graduated shipping time, even if this limits

-the range somewhat. We invite your recommendations based on

the attached data. ‘

KWB/ tp

Very truly yours,

CALLERY CHEMICAL COMPARY
Division of MSA Company.

- /W—z

K. W, Beahm
-Project Leader

Attachment

ce:

Mr. R. M. Graziano, Agent
Burceau of Explosives
Association of American Railroads

- 1920 L. Street, N. HW.
-Washington, D. C, 20036 -

: ‘Mr., W. B. Powell, Technical Hanager (2 copies)

Jet Propuision Laboratory

“California Institute of Techno]ogy

Building 125, Room 224
4800 Qak Grove Drive
Pasadena, California 91103

NASA ' -
Headquarters Contracts D1v151on
Hashington, D. €. 20546

Attn: The Contracting Officer, Code DHC-6

Subject: Contract NASW-1827

Mr. Frank E. Compitello/Code RPL
NASA-QART

Liquid Propulsion Techno]ogy

600 Independence Avenue,
Washington, D. C. 20546
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" TABLE A-7

DIBORANE SHIPPING CONTAINER
EXTRAPOLATED TEST DATA

Diborane- | _-___%;%EJ_ngg__rf
Weight, 1bs to -35 to O

NU 201.5 | 20.6 33.4
(2 2000 - 20.5 33.3
(@ s 20,4 33.0
(2) 180 19.6 31.0
(2) 160 ' 18.6. 28.8
(2) 140 | 17.6 26.5
(2) 120 B 16.6 24.3
(2) 100 5.6 2200
(2) 80 - . 14.6 - 19.8

(1) Actual test data
(2) Extrapolated test data
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54._.‘_.... Y CHEMICAL CDMPANY

CMVISION OF MINE GAFETY APPLIANCES COMPANY

CALLERY, PENNSYLVANIA 16024 « PHONE (412} 538-3510

20 August ]971

O0ffice of the Secretary of Transportatioh
Washington, D. C. 20590 -

Attention: ' Mr. James Grothe '
Chief, Special Permits Branch
Office of Hazardous Materials

Dear Mr., Grothe:

This Yetter refers to the diborane shipping container
developed and tested by Callery Chemical Company under
Contract Number NASYW 1827. The request contained herein
is an addendum to the report dated 14 June 1971 and the
followup letter dated 29 July 1971, _ '

Qur MNASA contract cited above contains the require-
ment of a qualification shipping test, for which we plan
to ship 200 pounds of methanol in the container. Mr. Paul
Seay of your office has advised that a speciai permit is
required to ship methanol in ‘the diborane container, and
we concur with his recommendation to include permission for’
qualification test shipments of methanol as a part of the
diborane permit. -

It is hereby requested, therefore, that vou include 1n
the diborane permit a statement to the effect:

“For container qualification test require-
ments, methanol {only) may be shipped in
this container. Such test with methanol
may be repeated as deemed necessary. Quan-
tity range limitations cited for diborane
will apply; however, requirement for pre-
cooling is not applicable.”

Since the initial qualification shipping test with methanol
must be postponed until receipt of the special permit, we
will appreciate anything you can do to expedite approvals of
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CALLERY cremica COMPANY

Mr. James Grothe P . =2 -

~ the permit; thereby enab]ing Cal]ery to complete the remain-
ing work within the time 11m1tations of our NASA contract.

. t_ Very truly yours,

CALLERY CHEMICAL COMPANY
DIVISION OF MSA COMPANY

K. W. Beahm X
Project Leader

KWB: jp

L

M. R. M. Graziano, Agent

Bureau of Explosives

Association of American Railroads
1920 L. Street, N. W. S .
Washington, D. C. 20036 :

Mr. W. B. Powell, Technica] Manager (2 copies)
Jet Propulsion Laboratory .

California Institute of Technology

4800 Dak Grove Drive )

IPasadena, California 91103

NASA

Headquarters Contracts Division
Washington, D, C. 20546

Attn: The Contracting Officer, Code DHC-6
Subject: Contract HASW-1827 :

Mr. Frank E. Compitelio/Code RPL
NASA-QART

Liquid Propulsion TechnoIogy

600 Independence Avenue
washlngton, D. C. 20546
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ETALL:;-: T CHEMICAL COMPANY

DAASION OF MINE SAFETY APPLIGNCES COMPANY

CALRERY, PENNSYIVANIA 16024 » PHONE 14121 538-3510

10 December 1971

O0ffice of the Secretéry-of Transportation
Washington, D. C. 20590

Attention: Mr. James Grothe
Chief, Special Permits Branch
Office of Hazardous Materials

-0eaf #$r. Grothe:

Please refer to our letter of 27 October 1971 regard-
ing the shipping classification of diborane, and to prior
correspondence following our 14 June 1971 special permit
application for the 200-pound container develcped by
gal!ery Chemical Company for HASA on Contract Humber HASH-

- 1827

According to your telephone conversation with our Hr,
A. J. Toering on 9 December 1971, we understand that DOT
has ruled in favor of a dual classification for diborane:
“Ciass A Poison" and "Flammable Compressed Gas". Please
send written confirmation of this ru]mng in reply to our
letter of 27 October 1871.

This wilil confirm our request that you proceed immedi-
ately to issue the special permit, which we understand has
already been approved for motor vehicle shipmént by the
Federal Highway Administration. This will enable Lallery
to proceed with the methanol shipping test required by our
NASA contract.

Further, Callery Chemical Company hereby requests that
DOT consider approval of rail express as a wmode of trans-

" portation for the 200-pound diborane shipping container.
Although motor vehicle shipment is used whenever possible,
there have been times when only rail shipment was possible
to certain destinations. Rail freight is too slow for
shipment under the ten-day or fifteen-day permits; there-
fore, rail shipment must be by rail express.
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Mr. James Grothe : | - . -2 -

Please note that we do not want to holdup issue of
the permit during consideration of -the rail express ques-
tion, which can be handled as a modification. Please
expedite both these actions, because the NASA contract
has already been seriously delayed.

Very truly yours,

. CALLERY CHEMICAL COMPANY
- DIVISIOH OF MSA COMPANY

K. W. Beahm
KWB:jp

cc: Mr. R. M, Graziano, Agent

' Bureau of Explosives
Association of American Railroads
1920 L. Street, N. W,
Washington, D. C. 20036

Mr. ¥. B. Powell, Technical Manager (2 copies)
Jet Propulsion Laboratory

California Institute of Technology

Building 125, Room 224

4860 Oak Grove Drive

Pasadena, California 91103

NASA

- Headquarters Contracts Division

" Washington, D. C. 20546 :
Attn: The Contracting 0fficer, Code DHC-6
Subject: Contract NASW-1827 :

Mr. Frank E. Compitello/Code RPL
NASA-OART

Liquid Propulsion Technology

600 Independence Avenue
Washington, D. C., 20546

R. 0. Voegtly, Safety Engineer

A. J. Toering, Manager - Marketing

H. W. Wiison, Manager - Engineering
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b WL 255 CHEMICAL COMBPANY

DIVISIDN OF MINE SAFETY APPLIANCES COMPANY

CALLERY, PEHNSYLVANIA 16024 » PHONE {432) 538-3510

< 3 March 1972

Office of the Secretary of Transportat1on S
Washington, D. C., 20590 .

Attention: Mr. James Grothe
: Chief, Special Permits Branch
Office oF llazardous Materials

Subject:  DOT Special Permit No. 6522
ﬁear Hr., Grothe: |

In accordance with our 3 March 1972 telephone conversa-
tion, attached is a table showing effect. . of diborane weight
on shipping time for the container authorized under thé
subject permit. A part of these data had been presented
in our letter of 29 July 1971, which became the basis for
establishing 100 pounds as the minimum weight for a 15-day
shipping permit.

The more complete data in the attached table show the
- reduction in time for quantities less than 100 pounds. As
discussed in previous correspondence, the temperature of 0°C,.
corresponds to a pressure approaching 400 psig or 80 percent -
- of the maxinun woriking pressure. Further, the teumperature
of ~35°C. was set as a somcwhat arbitrary upper timit for
the normal delivery t1me. _ o

"Based on the attached data we recommend a ten-day
shipping time limit for quantities of 50 to 99 pounds and
a five-day shipping time limit for quantities less than 50
pounds. The latter in effect is for quantities of 6 to 49
pounds, since 5 pounds above tare weight is allowed as "empty":
for return (based on the fact thati even total decomposition
of 5 pounds of diborane would not result in overpressure of
the conta1ner) AV other terms of the permit, including
precooling, should be made applicable. _
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E:ﬁ.z‘;ﬁ;’:’:ﬁ?'s’ CHEMICAL COMPANY
Hr. Grothe _ -2 -

Please consider this a formal request for amendment
of the subject permit to incorporate regulations for
quantities less than 100 pounds. If there are any questions
about the recommended graduated shipping times (5, 10, or
15 days) or about the supporting data, please feel free to
call, 1In order to accomodate a planned NASA application, we
would appreciate your action on this request for amendment
prior to 15 April 1872. :

Very truly yours,

CALLERY CHEMICAL COMPARNY
DIVISION OF MSA COMPARY
Jh A ekt

K. W. Beahm <" -
Project Leader

KHB:jp
Attachment (1)

- ¢¢: HMr. R. M. Graziano, Agent

Bureau of Explosives

Association of Aumerican Railroads
1920 L., Street, H. U,

Washington, D, C. 20030

Mr. W. B. Powell, Technical Manager (2 copies)
Jdet Propuision Laboratory ’ '
California Institute of .Technology

Building 125, Roon 224

4800 Dak Grove Drive

Pasadena, California 91103
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‘TABLE . A-8 .

DIBORANE SHIPPING COMTAINER
- EXTRAPOLATED TEST DATA

Diborane Time, Days
Weight, 1bs. to -35%C, to 0°C.
(1) 2015 20.6  33.4
(2) 200 . 20.5 33.3
(2) 198 ~20.4 33.0
(2) 180 196 310
(2) 160 | - 18.6 28.8
(2) 140 -‘17.6” | 26.5
(2) 120 ' 16.6 24,3
(2) 100 - 15.6 22,0
(2y - 80 14.6 19.8
(2) 60 TR . 17.5
(2) 50 13.2 16.4
(2) 40 2.7 15.2
(2) ©. 2o - Thuro 13
(2) 5 _f BTN R L O

Actual test data L
Extrapolated test data :
MHould not exceed the maximum recommended operating

pressure even on total decomposition.
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é::zaéii =Y CHEMICAL COMPANY

DMISIUN OF MINE SAFETY APPLIANCES COMPANY

CALLERY, PENNSYLVANIA 16024 « PHONE [412) 538-3510

15 March 1972

Office of the Secretary of Transportation
Washington, D. C. 20590

Attention: Mr. James Grothe
Chief, Special Permits Branch
Office of Hazardous Materials

Subject: PDOT Special Permit Ho. 6522
Dear Mr. Grothe: | '

The subject permit has been revicwed in some detail by
personnel at Callery Chemical Company and by representatives
of HASA. In doing so, we have found that some wording in
the permit Teaves open the possibility of misinterpretation.
This letter proposes, therefore, that certain sections be
rewritten to prevent misuse of the permit. Specifically we
invite your consideration of the following changes:

Paragiaph 6

In line six, the sentence should stop after the word
“insulation"., The remainder of that sentence should be in-
corporated in a new sentence: “"For diborane shipment, the
dry ice chamber must contain not less than 108 pounds of dry
ice on the date of shipment." {Or this sentence could be

deleted since it is part of paragraph ?).

Insert in line ten (between the sentence ending with
"Board." and the sentence beginning with "Except") the-sen-
tence previously given in sub-paragraph (7.b.), revised to:
“Container must be equipped with an audio-visual alarm to indi-
cate temperature above minus 35°C."

Paragranph 7

Reorganize this "SPECIAL PACKAGING REQUIREHENTS“ para-
graph to read as follows:
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QLLERY CHEMICAL COMPANY

Mr, James Grothe , o -2 -

a. Al d1borane shipments, 1nc1ud1ng those which qualify
as “empty" by subparagraph {c), must comp]y with the
following:

i. In addition to the flammable gas label and the
poison gas label, each outside shipping container
must bear a conspicuous label reading as follows:
“IF NOT DELIVERED BEFORE CARRIER MUST ADVISE
THE CALLERY CHEMICAL COMPARY, CALLERY, PENHSYLVANIA,
ALSO THE BUREAU OF EXPLOSIVES, WASHINGTOR, D.C., BY
HIRE." The date inserted in the biank space on this
tabel must not be in excess of the number of days pre-
scribed herein from the date shipment is offered for
transportation.

ii. Container must have not less than 108 pounds of dry
ice in dry ice chamber on the day shipment is made.

1it. Container must reach destinatuon within 15 days from e
"date of sh1pnent. .

b. A1l diborane shipments except those wh1ch qual1fy as "empty”
by subparagraph (c) must also comply with the following:

i.‘ F1111ng is to be by ue1ght on]y.

ii. Container must be precooled u1th liquid nitrogen
: to below minus 80°C. and excess nitrogen removed
prior to charging with diborane.

¢; Container shipped as,“empty“'of diborane must also compiy
with the following: _ '

4. Must be verified to be "empty" by one of the
following:

(a) The empty weight must not exceed the marked
tare weight by more than 5 pounds, or

{(b) Level of liquid diborane must be below the
bottom of the ‘dip tube. Loss of liquid seal
will be evident by ability to vent gas pressure
from the container (to user's tank or other
proper vent system) through the d1p tube.

ii. Pressure must be vented to between 25 and 50 psig at'
the time container is emptied.
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Mr.

d.

(ALLEY CHEMICAL COMPANY

James Grothe - . o - 3 -

Provisions for shipment of methanol are as follows:

i. The only time methanol may be shipped is to
satisfy contractor's qualification acceptance
tests. Under these conditions neither the transit
time restrictions nor the requirement for precoollng

apply.

i, Additionally, the requirements of subparagraphs (a),

{b), and (c) of this paragraph and the entire para-
graph (9) do not apply to methanol shipments.

Please understand that this request does not intend any

change in the terms of the permit as approved; but rather
the propcsed wording should prevent misinterpretation of the
terms agreed upon, thereby serving to benefit both DOT and
those who use the permit,

If you desire to discuss this matter, please feel free

to call or write.

Very truly yours,

CALLERY CHEMICAL COMPANY
DIVISION OF MSA COMPANY

K. W. Beahm
Project Leader

KWB: jp

L

Mr. R, M. Graziano, Agent

Bureau of Explosives

Association of American Railroads
1920 L. Street, H. W.

Washington, D, C. 20036

Mr. W. B. Powell, Technical Manager (2 copies)
Jet Propulsion Laboratory _
Catifornia Institute of Technology

" Building 125, Room 224"

4800 Cak Grove Drive
Pasadena, Ca1ifornia 91103
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H., W. Wilson
A. J. Toering
R. O.Voegt1y
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b L L5V CHEMICAL COMPANY

OpASION OF MINE SAFETY APPLIANCES COMPANY

CALLERY, PENNSYLVANIA 16024 »- PHONE (412) 538-3510

28 Harch 1972

Office of the Secretary of Transportation
Washington, D. C. 20590

" Attention: iir. James Grothe

Chief, Special Permits Branch
O0ffice of Hazardous Haterials

"Subject: DOT Special Permit Ho. 6522

Dear Mpr. Grothe:

This Tetter is in regard to the various requests which
have been made relative to the subject permit. In an effort
to conclude our HASA contract at the earliest possible date,
Callery hereby requests that action on these matters be ex-
pedited as follows:

On 3 March 1972 we requested authorization to ship diborane
quantities less than 100 pounds under a graduated shipping
time. A Vetter dated 20 HMarch 1972 from Mr., R, M, Graziano,
Director and Chief Inspector of Bureau of Explosives (AAR),
reported that their Chief Chemist Charies Schultz felt addi-
tional test data were needed. Since we have some data which
indirectly supports the information given, we feel the ex-
trapolation could be defended technically; however, this would ~
invelve more time than is presently available. Further, it is

possible that HASA may find it coanvenient to obtain measured

data which bears dlrect1y on performance of the container with

50 to 60 pounds of diborane. In view of the above, therefore,
please consider this a formal request to withdraw our request
for authorization to ship quantities less than 100 pounds, with

the understanding that Callery or IASA may reactivate the re-

quest by submitting additional data to support the recommendations.

Secondly there is our request of 15 March 1972 that certain
sections of the permit be reworded to prevent any misinterpre-
tation, without intending any change in the terms. Pr1nar11y
this was aimed at clarification that 108 pounds. of dry ice is
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fMr. James Grothe | o - 2

the requirement on the date of shipment, and not during all

of the 15-day shipping time, We feel that this point must

be clarified, whether or not you accept all of the recommended -
rewording. _

Finally there remains your reply to our request of 10
December 1972 to consider approval of rail express as a node
of transportation. In a telephone conversation on 6 March_
1972 Quentin Banks indicated that blianket approval may not
be possible, but that single-trip exceptions might be con-~ :
sidered if and when the situation arises._ In any case ve feei
a written answer to our request is in order. . :

Your action in the above ‘matters will perm1t Caliery to
close the NASA contract with no "loose ends®.- If there are
any questions on these matters, please feel free to call or -
vwrite.

Very truly yours,

CALLERY CHEWMICAL COMPANY
DIVISION OF WSA COMPANY

/ - LM#//M

K. W, Beahm-w-——-—*ﬂ*
KMB:3p

cc: Mr. R. M. Graziano
Director and Chief Inspector
Bureau of Explosives, AAR
American Railroads Building
Washington, D. C. 20036

Mr. #. B. Powell, Technical Manager (2 copies)
Jet Propulsion Laboratory

California Institute of Technology

Building 125, Room 224

4800 Qak Grove Drive

Pasadena, California 91103
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OiIVISION OF MINE SAFETY APPLIANCES COMPANY

CALLERY, PENNSYLVANIA 16024 » PHONE {412] 538-3510

21 April 1972

Office of the Secretary of Transportation
Washington, D. C. 20590

Attention: Mr. James Grothe
Chief, Special Permits Branch
O0ffice of Hazardous Materials

Subject: DOT Special Permit No. 6522
Dear Mr. Grothe:

The subject permit was discussed in your meeting with A. J.
Tecering on 13 April 1972, particularly in regard to the need for
provision to ship a recooled container,

Shipment of recooled containers is discussed in the first
attachment, with examples of cases where this may become necessary.
The second attachment is an in-depth discussion of thermal perfor-
mance for a recooled container, including recommendations for safe
shipping time; data are presented which were obtained after our
original request for permit in June 1971. Finally, the third attach-
ment is a proposed rewording of the permit to incorporate these and
previous recommendations.

Please consider this a formal request to add to the terms of
DOT Special Permit 6522 the following provision:

For shipment of a container recooled to a
diborane pressure of 32 psig (corresponding
to diborane temperature of -70°C.) to reach
destination within

15 days for 175 to 200 1lbs. Bailg
12 days for 100 to 174 1bs. BpHg

Further, we invite your consideration of the proposed wording of
DOT Special Permit 6522 attached.

Qther related matters still pending, summarized in Callery's
Jetter of 28 March 1972, are as follows:
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Mr. Grothe | ' - -2 -

- (1) Rail express as a mode of-transportation.

In a telephone conversation on 6 March 1972 Quentin
Banks indicated that blanket approval may not be possible, .
but that single-trip exceptions might be considered if and
when the situation arises. In any case we feel a written
answer to our request is in order.

(2) sShipment of quantities less than 100 pounds.

This request was withdrawn by our letter of 28 March
1972, on the condition that it may be reactivated by sub-
mitting additional data to support the recommendations.
NASA may obtain pertinent test data, and we presume you
will consider it appropriate to reopen the question if
additional data are provided.

(3) Rewording of special permit.

We feel that the dry ice specification must be
clarified to 108 pounds on the date of shipment (not
during all of the 15-day shipping time), whether or
not you accept all of the recommended rewording.

We will appreciate your expeditious handling of these

matters.
Very truly yours,-
CALLERY CHEMICAL COMPANY
DIVISION OF MSA COMPANY
=2/ A
K. W. Beahm

KWB:jp

Attachments

¢c: Mr. R. M. Graziano, Director & Chief Inspector
Bureau of Explosives . (AAR)

Mr. W. B. Powell, Technical Manager
Jet Propulsion Laboratory

Page A-53



CALLERY CHEMICAL COMPANY

DIBORANE SHIPPING CONTAINER
DOT SPECIAL PERMIT 6522

SHIPMENT OF RECOOLED CONTAINERS

DOT Special Permit 6522 was issued with specific requirements
for precooling, charging diborane, charging dry ice, and shipping;
all in accordance with a prescribed schedule. Although this may
cover most shipments, it is inevitable that the need will arise to
ship a container after recooling with dry ice. Having lost the bene-
fit of precooling, the safe shipping time is reduced somewhat. It
becomes necessary, therefore, to define shipping limitations of a
recooled container to prevent misuse of the permit.

There have been cases where it became necessary to recool (add
more dry ice) containers for shipment on our DOT Special Permit 970.
The following will serve to illustrate:

1. A shipment of 40 pounds of diborane bound for the west coast
via Rail Express was located in Chicago 7 days after leaving
the Calliery piant. Since it was apparent that the shipment
would not reach its destination by the 10th day {time limit
on Permit 970), the terminal manager in Chicago phoned Callery
for instructions. A decision was made to return the shipment
to the Callery plant where it was refilled with dry ice and
reshipped via motor freight.

2. A shipment of 40 pounds of diborane to Sacramento, California
arrived in Los Angeles on the 10th day. This shipment was
jocated by Callery's shipping department in a routine follow-
up check. Arrangements were made for Callery's Los Angeles
representative to refill the container with dry ice at the
truck terminal. Delivery was made to Sacramento without in-
cident. '

3. A shipment of 5 pounds of diborane for the Philadelphia, Penna.
area was diverted to Newark, New Jersey and then returned to
Philadelphia on the 11th day. When notified by the Philadelphia
terminal manager, Callery sent & representative to refill the
dry ice compartment. The shipment continued without incident.

4, A customer in the Philadelphia area received two cylinders of
diborane the day after a portion of their plant was destroyed
by fire. Since they were unable to use or dispose of the
diborane, the containers were refilled with dry ice and returned
to Callery via private truck.
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DIBOGRANE SHIPPING CONTAINER
DOT SPECIAL PERMIT 6522

THERMAL PERFORMANCE - RECOOLING

The complete thermal storage test was concluded after 29 days by
adding dry ice. Between 29 days and 62 days, dry ice was added
periodically. to observe recooling behavior. Between 62 days and 112
days, recooling was continued while diborane was removed as needed
for inap]ant uses. At 112 days the last 92.5 pounds of diborane was
removed.

Callery's request for special permit, accompanied by design and
performance specifications (CCC 71-12}, was submitted in June 1971,
This information:included data through 6 June 1971, which corresponds
to 45 days in. the test. Subsequent data, not previocusly presented
to DOT, were reported to NASA on Contract NASw 1827; and were there-
fore on record. These data are given here to support the terms of
DOT Special Permit 6522. _ : :

Table 4 given here is a continuation of the Table & given on
pages 27 and 28 of CCC 71-12.  Columns for VI (voltage indicator)
and LI (level indicator) were dropped as immaterial; while necessary
data on True Temperature and Diborane Net Weight were added to '
Table 6. True Temperature is based on the indicated pressure, using
vapor pressure data with correction for measured amount of non-
condensabies. Pressure vs temperature curves are given in Figure 4,

Recooling data are plotted in Figure 5 (six pages); curves are
keyed to Table 4 by assignment aof letters A .through N. The most im-
portant result is that repeated dry ice addition established an
equilibrium .condition at about 32 psig, equivalent to -70°C. When .
dry ice weight -approached 10 to 20 pounds, diborane temperature began
to rise; but the -70°C. equilibrium was reestablished by adding more
dry ice. S : '

This equilibrium condition established by reicing is of some im~
portance because of the potential need for shipment of a recooled’
container (as .discussed in the previous section). It becomes
necessary to.define thermal performance of a recooled container,
initially at -70°C., compared to a precooled container, initially at
-80°C. e _

The data presented .here are sufficient to make a reliable pre-

- diction of this .thermal behavior, although none of the reccoling
tests was extended all the way to -35°C. Primary basis of the con-
clusions presented herein is recooling curve E, for several reasons,
Recooling data for curves F through N involved diborane quantities
less than 200 pounds, so are excluded at this point. Curves A and B

NOTE: 1In the origina] publication to DOT, Table 4 had incorrectly been
referred to as "Table 6" at the beginning of paragraph 3 and
in line 2 of paragraph 4. Correction made October 1972,
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—_————— CALLERY CHEMICAL COMPANY

are excluded because they represent the cooldown period prior to
establishing equilibrium required for shipment of a recooled con-
tainer. Curve E extends all the way from 103 pounds of ice to the
point where diborane temperature is rising, requiring much less of
an extrapolation than curves C and D. Finally, the slopes of curves
C and D are virtually identical, and may be shown to have the same
overall heat transfer rate as measured during the complete storage
test. On the other hand curve E represents a slightly higher heat
transfer rate due to various conditions; and therefore using curve

E is the most conservative or safest basis.

Page 2 of Figure 5 shows curve E rising to 49 psig with dry ice
essentially gone; corresponding temperature is -62°C. Elapsed time
from the start at -70°C. is 10.3 days. Thermal performance from
-62°C. (and zero ice) to -35°C. and on up to 0°C. would be the same
as measured in the earlier test, which differed only in its lower
initial temperature. The earlier test data presented in CCC 71-12,
are reproduced . in part in Figure 6 on the same scale as Figure 5,
In Table 2 on page 14 of CCC 71-12, it is recorded that -62°C. (49
psig) was reached at 14.3 days. It is apparent, therefore, that
the difference in shipping time is four days {precooled container .
14.3 days to -62°C. and zero ice, recooled container 10.3 days to
-62°C. and zero ice). The combined data are shown in Figure 7.

Thus the time to any temperature above -62°C. would be four
days less (for 200 pounds net weight of diborane), or:
Initial Temp., °C.
- 80 -70

Days to -35°C. 20.5 16.5
Days to 0°C. 33.3 29.3

It must be emphasized that these calculations are for the worst case,
or the safest assumptions. Other calculations made, but not in-
cluded here, show the difference between precooled and recooled con-
tainers to be only one day, a more reasonable result; but we elect

to take the most pessimistic result for greater margin of safety.

For diborane net weight between 100 and 200 pounds, the range
authorized by DOT Special Permit 6522, the safest assumption would
be to subtract four days from each previously reported value of
storage/shipping time. Although this still gives a reasonable time
for shipment, it may be shown that merely deducting four days would
be unduly conservative. The following calculations will illiustrate
for ‘100 pounds. . _
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Enthalpy Data (Figure 8)
10,220 BTU for 201.5# from -70 to -35°C.
8,000 BTU for 201.5# from -62 to -35°C.
2,200 BTU change during loss of dry ijce

Measured rate between -62 and ~35°C.
Time = 20.61 - 14.30 = 6.31 days
Rate = 8000 BTU = 1268 BTU
6.31 Days day

Correftion f?r dibgrane net- wefght
10,220 100 - ‘
0) {339) ) = 5072 BTy

Use the safe assumption that the same 2200 BTU
change will occur during loss of dry ice (10.3 days)
5072 - 2200 = 2852 BTU

Time after dry ice is .gone (after 10.3 days)
2852 BTU - .
1265 BTU/day 2.? days

Total Time = 10.3 + 2.3 = 12.6 days

This time of 12.6 days to -35°C. (from initial temperature of -70°C.)
compares to the 11.6 days one would obtain by the simple deduction of
4 days from the previously reported 15.6 days for an initial tempera-

ture of -80°C.

There would bé no change in the time to go from -35°C. to 0°C.,
since these.would be unaffected by initial temperature. Complete

data would, therefore, be as follows:

B2Hg __Time for Shipment or Storage, Days

Net Wt. Initially <70°C. Initially -80°C.
1bs. to -35°C, to 0°C. to -35°C. to 0°C.
200 16.5 29.3 20.5 33,3
175 o 15.6 26.7 19.3 30.4
150 - 14.6 24,1 18.1 27.6
125 13.6 21.6 16.8 24.8
100 12.6 19.0 15.6 22.0

e

This shows a 4-day difference at the full 200-pound loading, and a

3-day difference at the 100-pound l1oading.
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As explained in CCC 71-12, 0°C. represents a maximum recommended
operating condition approaching 400 psig in a vessel designed for 500
psig with pressure relief at 550 psig. . The -35°C. was a somewhat
arbitrary point selected for:a container delivered within the time
required by the shipping permit. For an initial temperature of -80°L.
the permit authorizes 15-days for 100 pounds; a margin of 0.6 day to
-35°C., and a margin of 7.0 days to 0°C. The same or greater margin
would be allowed, for initial temperature of -70°C.,if the permit
were written for a shipping time graduated from 12 days with 100
pounds to 15 days with 200 pounds. For simplicity, however, we re-
commend only two shipping times, as follows:

-70°C. 15 days for 175 to 200 pounds
12 days for 100 to 174 pounds

-80°C., . 15 days for 100 to 200 pounds

It should be noted that the time margin to 0°C. (more important than
the -35°C. point) will be at least equal, and in most cases greater
than presently allowed.

In wording of the permit, confirmation of initial temperature
by a pressure reading should be required. Not only is this more
accurate, but it also prevents the possibility of shipping diborane
containing excessive non-condensables, which could result in ex-
cessive pressures at acceptable temperatures.

Quantities less than 100 pounds were not included in the above
discussion, since this is not presently authorized by the permit.
It is worthy of note that the new data presented herein do relate
to that question. . In Figure 2 curves J, K, L, and M were obtained
with diborane net weights of 96 to 107 pounds. Rate of ice loss is
virtually identical to rates obtained with 200 pounds of diborane,
These data are lacking a true temperature, however, because nitrogen
introduced to pressure out the diborane negated the pressure-tempera-
ture conversion. . They do confirm that dry dice lasts over ten days
and lend some support to the extrapolations made for quantities less
than 100 pounds. This point is made only by way of describing the
data offered here, as this request does not cover anything below 100
pounds net weight of diborane. ,
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DIBORANE SHIPPING CONTAINER
POST-TEST RECOOL

SCALE

TRUE . AMB. DRY
TIME  DATE DAYS  TI Pl TEMP  VACUUM  TEMP  READING  ICE,
°C PSIG _°C_ MICRONS _°F 'LBS LBS.
0807 5/21/71 28.64 - 9.5 290 -12.3 17 72 2782.5  -0.5
0815 5/21/71 .28.65 - 8 290 -12.3 17.5 % - -
1500 5/21/71 28.93 - 9 300 -11.0 20 82  2782.5  -0.5
1520 5/21/71 28.94 -10 290 -12.3 19.5 80  2848.0  65.5
1000 5/22/7) .29.72 -33 140 -36.0 10.5 - 70  2805.0  22.5
1620  5/22/71 29.98 -39 125 -39.2  10.0 74 2796.0 13.5
1630  5/22/71  29.99 -41 121 -40.2 9.5 74 2866.0  83.5
©2245 5/23/71 . 31.25 -53 70 -54.5  6.0. - 68 2830.5 ° 48.0
20815 5/24/71 . 31.65 -59 60 -57.9 4.9 68 . 2822.5 - 40.0
® 1600 5/24/71 31.97 -60 §7 -59.0 5.9 80 - 2816.5 ~ 34.0
=0805 5/25/71 32.64 -62 50 -61.6 5.3 76 -2805.0  22.5
H1550  5/25/71  32.96 -65 48 -62.5 5.5 78 - 2800.0 17.5
©0010 5/26/71 33.31 -63.5 43 -64.5 5.6 74  2796.0  13.5
0807 5/26/71 33.64 -66 42 -65.-0 4.1 69  2792.5  10.0
1500 5/26/71  33.93 -65 40 -65.7 4.3 68 . 2790.0 7.5
2200 5/26/71 34.22 -66 42 -65.0 4.3 71 2787.5 5.0
0810 5/27/71  34.64 -66 42  -65.0 3.9 66. - 2785.0 2.5
1535  5/27/71  34.95 -66 45 -63.7 4.5 71 2783.5 1.0
0930 5/28/71 35.70 -55 52 -60.8 4.0 63  2782.5 0
1500 5/28/71 35.93 -52 59 -58.2 5.2 72 2782.5. O
1645 5/28/71 35.96 -60 55 -59.6 4.8 68  2867.5  85.0
2215 5/28/71 36.24 -63 47 -62.8 3.4 67  2860.5  78.0
1030 5/29/71 36.74 -68 42 -65.0 -2.6 65  2852.5 - 70.0
1750 5/30/71 38.04 -71 37 -67.1 3.8 . 76  2837.0 54,5
1140 5/31/71  38.79 -72 36 -67.5 4.2 . .74 . 2829.0. 46.5
2400 5/31/71 . 39.30 -72 .. 34 -68.5 3.8 75 2824.0  41.5
0810 6/1/71 . 39.64 -72 35 -68.0 3.6. 73 2820.0  38.0
1555 6/1/71  39.97 -72 35 -68.0 5.5 . 88 -2817.0  34.5
2050 6/1/71  .40.17 -72 32 -69.7 5.4 -~ 83 . 2815.0.  32.5
0815 6/2/71 . 40.65 -72 32  -69.7 4.9 78 . 2810.0  27.5
1600 6/2/71  40.97 -72 31 -70.0 4.9 77 2807.5  25.0
0810 41.64 -72 31 -70.0 4.9 19.0

6/3/71

77

2801.5.

REMARKS

End of Test
Dry Ice (A)

. Dry Ice (8)

" Dry Ice (cj
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TABLE A9 PAGE 2 OF 6
TABLE 4 PAGE 2 0% 6

DIBORANE SHIPPING CONTAINER
POST-TEST RECOOL

TRUE AMB.  SCALE  DRY B2Hs

TIME DATE DAYS TI PI TEMP  VACUUM TEMP  READING  ICE, [ REMARKS .
°C PSIG °C MICRONS °F_ _LBS LBS.  LBS. -'

1600 6/3/71 41.97 -72 31 -70.0 6.0 88 = 2798.5 16 201.5

0810 6/4/7 42.64 -72 31 -70.0 4.9 76 . 2792.5 10 201.5 o

1405  6/4/7 42.88 -72 31 -70.0 7.0 90 . 2790.5 8 201.5 _

1425 674771 . 42.90 -72 31 -70.0 6.9 86  2853.5 71 .. 201.5 Dry Ice (D)

1925  6/4/71 43.11  -73 33 -69.0 5.4 83 2850 . 67.5 201.5 - _

1145  6/5/71 . 43.79 -74 3 -70.0 4.4 80 2842 59.5 201.5

1430 6/6/71 44,91  -74 31 -70.0 4.7 83 °.2833 ... 50.5 201.5

2345 6/6/71 . 45.29 -74 30 -70.6 3.2 70 - 2826.5 - 44 ° 201.5

0815 6/7/71 . 45.65 -74 30 -70.6 3.1 70 © 2823.5 - 41 201.5

1530  6/7/71 45.95  -74 30 ~70.6 5.5 82 .-°2821.5 39 .201.5

2400 6/7/7V 46.30 -76 29 -71.2 5.1 82 2817 - 34.5 201.5

0810 6/8/71 46.64  -77 30 -70.6 4.8 80 - 2813.5 31 - 201.5

1600 6/8/71 46.97 -77 30 -70.6 5.9 86 2810.5 . 28 . 201.5

2100 6/8/71 .. 47.18 -77 29 -71.2 4.8 79 2809 . 26,5 201.5

0815 6/9/7 47.65 -77 30 -70.6 4.1 72 2804.5 . 22 - 201.5-

1600 6/9/71 47.97 -77 30 -70.6 5.5 g2 2801.5 -~ 19  201.§

2400 6/9/71 48.30 -77 N -70.0 4.6 75 . 2799 - 16.5 201.5 B

0810 6/10/71 48.64 -77 31 -70.0 4.0 75 . 2795.5 13 201.5 “ : .

1605 6/10/7 48.97 -55 35 -68.0 6.0 71 2790.5 8  201.5 Tl Maintenance

2345  6/10/71 49,29  -55 32 -69.7 . 5.1 77 2788 - 5.5 201.5 . a -

0810 6/11/7 49.64  -55 32 -69.7 4.5 70 2786 . 3.5 201.5 L

1000 6/11/71 49.72  -55 32 -69.7 5.0 76 2785.5 .3 201.5 .

1020 6/11/71 49.73  -55 32 -69.7 4.5 76 - 2885.5 103 201.5 Dry Ice (E)

1120 6/11/7 49.77 -58 32 -69.7 - - e - 2018

1310 6/11/71 49.85 -56 32 -69.7 - - - -« 201.5 Meas.C.G.

1355 6/11/7 49.85  -55 33 -69.0 - - o= = 201.5 '

1540 6/11/7 49.96 -58 31 -70.0 6.0 87 .. 2884 101.5 201.5

1945  6/11/71 50.12 -58 33 -69.0 6.2 86 2881 98,5 201.5

1445 6712/ 50.92 -58 31 -70.0 5.5 83 2870 ~ 87.5 201.5

1705 6/13/71 52.01 -58 31 -70.0 6.1 90 . 2856 73.5

| 201.5
_*Note added October 1972
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TABLE A-9 PAGE 3 OF 6
TABLE 4 PAGE 3 JOF 6

DIBORANE SHIPPING CONTAINER
POST-TEST RECOOL

TRUE AMB. SCALE DRY BﬁHs
TIME DATE . - DAYS Tl - PI TEMP  VACUUM TEMP  READING  ICE, 7 REMARKS -
°C PS1G °C MICRONS °F LBS LBS. LBS.
2400 6/13/71 52.30 -58 29 -71.2 4.9 80 2852 69.5 201.5
0810 ©6/14/71 52.64  -58 29 -71.2 4.7 78 2848.5 66 201.5
1650 6/14/71 52.96 -58 29 ~71.2 5.2 86 2845 62.5 201.5
2400 6/14/71 53.30 -57 28 -71.7 5.1 79 2841 58.5 201.5
0810 6/15/71 53.64 -58 29 -71.2 4.7 78 2837 54.5 201.5
1600 6/15/71- 53.97 -58 29 -71.2 5.0 82 2833.5 51 201.5
2400 6/15/7 54,30 -58 28 -711.7 4.8 77 2829.5 47 201.5
0810. 6/16/71 . 54.64  -58 29 -71.2 4.5 76 2826.5 44 201.5
1665 6/16/71 = 54.97  -68 29 -71.2 5.3 84 2823.5 41 201.5
2400 - 6/16/71 .. 55.30  -58 30 -70.6 5.1 77 - 2819 36.5 201.5
0810 6/17/71  55.64  -58° 30 -70.6 4.0 71 . 2815.5 33 201.5
1550 6/17/71- .. 65.96  -58 30 -70.6 5.5 81 2812.5 30 201.5
2400 6/17/71. .. 56.30 -58 31 -70.0 5.2 79~ 2809 26.5 201.5
0810 6/18/71 .'56.64 =58 .~ 31 - -70.0 4.5 74 2806 23.5 201.5
1605 6/18/71 ~ 56.97 -58° 32 -69.7 7.0 92 2803 20.5 201.5
2400 6/18/71 . '57.30 -58 32 -69.7 6.1 83"  2799.5 17 201.5
1650 6/19/71 '58.00 -58 33 -69.0 7.7 95~ 2793 10.5 201.5
1645 6/20/71 .. '59.00  -53° 37 -67.1 9.0 96 2785.5 3 201.5
2345 6/20/7)  59.29  -48 38 -66.6 9.1 88 2784 1.5 201.5
0815 6/21/7%7 .~ 59.65 -38. = 42 -65.0 10 82 2783.5 1 201.5
15620 6/21/71 . '59.94  -30 49 -62.1 11 86 2783.5 1 201.5
1565 6/21/71. 59.97 -30 49 -62.1 1 86 2848.5 66 201.5 Dry Ice (F)
2400 6/21/71 60.30 -48 42 ~ -65.0 7.7 81 2840 57.5 201.5 :
0810 6/22/71 . 60.64 -50 39 -66.2 6.5 76 2835 52.5 201.5
1650 6/22/71 .. 60.96 -50 39 -66.2 7.9 gO 2830.5 48 201.5
2345 6/22/71 - 61.29  -49 36 -67.5 6.8 32 2826 43.5 201.5
0815  6/23/7 '61.65 =50 35 -68.0 5.8 74 2821 38.5 201.5
0900 6/23/71 ~ 61.68 - - - - - 2837.5 38.5 201.5
0910 6/23/71 61.68 -50 35 -68.0 5.8 76 2837.5 38.5 201.5 Sampled
1300 6/723/71 61.85 - 42 - - - 2830 36 196.0 Rmv 5.5# Bj
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TABLE A-9 PAGE 4 OF 6
TABLE 4 PAGE 4 JF 6

DIBORANE SHIPPING CONTAINER
POST-TEST RECOOL

TRUE AMB. SCALE DRY BoHg
TIME DATE DAYS Tl PI TEMP  VACUUM TEMP  READING ICE, WT REMARKS
°C PSIG °C MICRONS °F LBS LBS. LBS.,
1666 6/23/71 61.97 =51 42 * 7.4 92 2827.5 33.5 196.0
2400 6/23/71 62.30 -52 41 - 6.3 82 2823 29 186.0
080 6/24/71 62.64 =52 4] - 5.5 78 2820 26 196.0 -
1600 6/24/71) 62.97 =52 4] - 7.9 - g5 2816 22 196.0
2345 6/24/ 7% 63.29 -52 40 - 6.7 86 2812 18 196.0
0810 6/25/71 63.64 -52 41 - 6.9 80 2809 15 196.0
15615 6/25/7 63.94 -52 41 - 6.9 91 2875 81 196.0 Dry Ice (G)
1745 6/26/71 65.04  -53 38 - 7.1 93 2857.5 63.5 196.0
1745  6/27/71 66.04  -54 38 - 8.1- 97 2845 - 196.0
2400 6/27/7 66.30 -54 39 - 6.8 88 2842 48 196.0
0810 6/28/71 66.64  -54 39 - 6.2 86 2838.5 44,5 196.0
1555 6/28/7) 66.97 -54 39 - 8.5 102 2829 40 192.0 Rmv 4.0# B
0815 6/29/71 . 67.65 -54 39 - 6.5 g8 2821 - 32 192.0
1600 6/29/7) 67.97 -54 39 - 8.6 103 2811 27 187.0 Rmv 5.0# B,
2345 6/29/1 68.29  -53 38 - 7.7 92 2808 24 187.0
2345  6/30/71 69.29 -53° 39 - 7.7 93 2797 13 187.0
0810 7/1/71 69.64 -53° 40 - 7.0 90 2793 9 187.0
1600 7/1/1N 69.97  -83 40 - 7.6 91 2790 6 187.0
2345  7/W/ N 70.29  -53° 40 - 7.2 86 2787.5 3.5 187.0
081% 7/72/7v . 70.65  -53 41 - 7.0 82 2785 1 187.0
1518 7/2/7 70.94  -50 45 - 9.1 86 2874 90 187.0 Dry Ice (H)
2345 772771 71.29 =51 42 - 5.7 76 2867 83 187.0 ' .
1400  7/3/71 71.8% =51 40 - 5.8 8¢ 2859 75 187.0
1715 7/4/7) 73.02  -52 39 - 6.2 84 2845 61 187.0
1600 . 7/5/71 73.97  -52 39 - 6.3 85 2835 51 187.0
2345 7/5/71 - 74.29  -52 39 - 5.7 80 2832 48 187.0
0810 7/6/71 74.64  -52 39 - 5.2 76 2828.5 44.5 187.0 ‘
1665  7/6/71 74.97 =52 54 - 7.1 86 2782.5 40.5 145.0 Rmv 424 Bo
2400 7/6/71 75.30  ~52 54 - 6.5 82 2771 35 145.0
0810  7/7/7% 75.64  -52 54 - 5.9 74 2774 32 145.0
1525  7/7771 75.94  -52 50 - 8.1 90 2732 28 107.0 Rmv 384 By
2400 7/7/71% 76.30 ~52 52 - 6.8 84 2726 22 107.0 ,

*Unable to obtain temperatuyre by pressure due to No added zo remove BoHg
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TABLE A-9 PAGE 5 OF 6
TABLE 4 PAGE 5 J)F 6

DIBORANE SHIPPING CONTAINER
~ POST-TEST RECOOL

- TRUE . AMB. SCALE DRY BﬁHG
TIME DATE . DAYS Tl Pl TEMP  VACUUM TEMP  READING  ICE, T REMARKS
°C PSIG. °C MICRONS °F L8S LBS. LBS. i

0810 7/8/7) 76.62  -52 50 - 6.0 - 78 2723 19 107.0

1600 7/8/77  76.97 -52 50 - 8.8 96 2718 14 107.0

2400 7/8/7 77.30 =52 52 - 7.5 88 2713 9 107.0

0810 7/9/7 77.64 =52 52 - 8.0 88 2711 7 107.0

1520  7/9/7) 77.94 -52 52 - 8.5 94 2806 102 107.0 Dry Ice (J)
2400 7/9/7V - 78.30 -52 50 - 6.4 84 2799 95 107.0

1630 7/10/7) 78.99  -52 51 - 8.1 93 2789.5 85.5 107.0

1645  7/11/71 80.00 -53 52 - 6.1 . 82 27178 74 107.0

2400 72/W1/71 - 80.30 -53 52 - 6.0 78 2774.5 70.5 107.0

0810 7/%2/71 . 80.64  -53 52 - 5.9 75 2770.5 66.5 107.0

1600 7/12/71 80.97 -53 52 - 7.1 88 2766.5 62.5 107.0

2400 7/12/771 81.30 -53 52 - 6.5 79 2762.5 58.5 107.0

0810  7/13/71 81.64  -53 52 - 6.0 76 2759 55 107.0

2345  7/13/71 . 82.29  -53 53 - 7.6 87 2751 47 107.0

2200 7/14/7] 83.22 -53 53 - 7.7 83 2741 37 107.0

2345 7715/ 7 84.29  -52 55 - 1.6 82 2730 26 107.0

1615 7/16/71 .- 84.94 = - - - - - 2791 87 107.0 Dry Ice (K)
2215  7716/71 85.23 -53 52 - 6.8 83 2786 82 107.0

1445  7/17/71 - 85.92  -53 51 - 7.1 87 2777 73 107.0

2230 . 7/18/71 87.24  -53 - b2 - 6.8 82 2762 58 107.0

2145 7718/ 71 88.21 -53 52 - 7.0 83 2751 47 107.0

2200 7/20/71 89.22  -53 53 - 7.2 81 2740 36 107.0

2215 77217171 90.23 -53 54 - 7.5 82 2729 25 107.0

1605  7/22/7 90.97 - - - - - - - 99.5 Rmv 7.54 B»
2200 7/22/171 91.22  -53 53 - 7.7 85 2711 14,5 99.5

2345 7723/ 92.29 -63 - 51 - 5.8 78 2769 72.5 99.5 Dry Ice (L)
1800 7/24/71  93.05 -53 50 - 5.0 75 2759.5 63 99.5

2045  7/725/71 94.17 -54 50 - 5.8 79 2746.5 50 99.5

2345 7/26/71 95.29  -54 51 - 5.2 75 2733 36.5 99.5

1650 7/27/71 96.00  -54 51 - 5.8 79 2727.5 31 99.5

1645 7/28/71 87.00 -54 50 - - 77 2718 21.5 99.5

2330 772977 38.00  -54 50 - 5.0 69 2706 9.5 99.5
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TABLE A-9 PAGE 6 OF 6
TABLE 4 PAGE 6 OF 6

DIBORANE SHIPPING CONTAINER
POST-TEST RECOOL

- TRUE AMB.  SCALE . DRY  BoHg
TIME DATE DAYS 71 P TEMP VACUUM  TEMP  READING ICE, AT REMARKS
| °C PSIG _°C_  MICRONS _°F LBS LBS.  LBS.
1700 7/30/71 99.01 57 49 - 3.9 78 2764 67.5  99.5 Dry Ice (M)
1610 7/31/71 99.98 -57 48 - 5.2 76 . 2753 56.5  99.5
1700 8/1/71 101.01 -57 48 - 5.7 79 2742.5 46 99.5
2350 8/2/71 102.30 -56 48 - 5.3 75 2730 33.5  99.5
2345  8/3/7) 103,29 -56 48 - 4.9 73 2720.5 24 99,5
2400  8/4/71 104.30 -56 49 - 4.7 67  2711.5 15 99,5
2140 8/5/7] 105,20 -56 49 - 5.6 72 2703 6.5  99.5
1500  8/6/71 105.93 - - - - . 2697 0.5  99.5
1510 8/6/71 105.93 - - - - - 2783 86.5  99.5 Dry Ice (N)
2140 8/6/71 106.20 -56 49 - 5.4 73 - 2778.5 82 99,5
1725  8/7/71 107.03 -57 48 - 6.2 81 2769 72.5  99.5
1700 8/8/71 108.01 -57 48 . 6.5 83 2759 62.6  99.5
2200  8/9/71 109,22 -57 48 - 7.1 84 2746 49.5 99,5
1600 8/10/71  109.97 - - - - - - - 97.5 Rmv 2.0# By
2200 8/10/71  110.22 -57 50 - 7.3 87  2731.5 37 97.5
2100 8/11/71 111,18 -57 50 - 7.2 84 2712 17.5  97.5
1600 8/12/71  111.97 - - - - . - - 92.5 Rmv 5.0# B,
2345  8/12/71 112,29 -57 49 . 6.6 78 2702 7.5 92,5
1305  8/13/71  112.85 -56 50 - 7.4 84 . - 92.5 Unloaded
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SPECIAL PERMIT NO. 6522 [PROPOSED REWORDING]

This special permit is issued pursuant to 49 CFR 170.15 of the
Department of Transportation (DOT) Hazardous Materials Regulations,
as amended, to authorize shipments of a poisonous and compressed ..
gas and a flammable liquid under conditions as prescribed herein.
This permit.does not relieve any shipper or carrier from compliance
with any requirement of the DOT regulations, except as specifically
provided for herein.. . - :

Standard special permit requirements and conditions relating to .
package markings, preparation of shipping papers, shipping experi-
ence reports, etc., are published in 49 CFR 171.6. These require-
ments are.part.of this special permit..

1. BASIS. June 14 and July 29, 1971 and April 21, 1972 petitions
by Callery Chemical Company, Callery, Pa. . '

2.  COMMODITY.. .Diborane or methanol (methyl alcohol).
3. PROPER SHIPPING NAME (49 CFR.172.5).

a. For Diborane: Both "Compressed gas, R.0.S.
(Flammable)" . and “Poisonous gas,n.o.s.”.

b. .For Methanol: "Methanol® or "Methyl alcohol”.

4, REGULATION WAIVED. 49 CFR $$173.119, 173.304(a) (1) and
173.328. :

5, -AUTHORIZED SHIPPER.: The petitioner identified above and its
¢customers that are registered with this Board.

6. PACKAGING PRESCRIBED. 1In a specially designed 36-inch diameter
spherical .inner tank having a maximum working pressure of 500 psig
containing not less than 100 pounds nor more than 200 pounds of .
product. Inner tank is surrounded (except for the dry ice chamber)
by a 48-inch diameter cylindrical shell containing perlite insula- .
tion. For diborane shipment, the.dry ice chamber must contain not.
less than 108 pounds .of dry ice on the date of shipment. Container
must be fabricated,.and.assembled.in accordance with details in- .
cltuded in CVI Corporation's drawings A458-5800 through A458-5821 on
file with this.Board. .Container must be equ pped with an audio-
visual alarm.to .indicate temperature above -3 °C. Except as other-
wise provided herein, the container must be qualific ..and prepared
for shipment in accordance with the petitioner's design and per-
formance specifications on file with this Board.
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7. SPECIAL PACKAGING REQUIREMENTS.

a.

ALL diborane shipments, including those which qualify as “empty

by subparagraph {c), must comply with the following:.

b.

i. In addition to the flammable gas label and the poisan.
gas label, each ocutside shipping container must bear a .
conspicuous .Tabel reading as .follows; "IF NOT DELIVERED
BEFORE__ . . CARRIER MUST ADVISE THE CALLERY CHEMICAL
COMPANY CK[LER? PENNSYLVANIA, ALSO THE BUREAU OF EX-. .
PLOSIVES wASHINGTON, D.C., BY WIRE."” . The .date inserted

in the blank space on this .label must not be in excess of
the number of days prescribed herein from the date ship-
ment is offered .for .transportation.

ii. Container must have not less than 108 pounds of dry
ice in dry ice chamber on the day shipment is made.

A1l diborane shlpments except those which qualify as . ‘empty"

by subparagraph {(c) must ALSO comply with the following:

C.

i. Filling is .to be by weight only.

ii. Containers precooled to minus 80°C. must reach .
destination within 15 days from date of shipment. True
temperature at or below -80°C. must be conflrmed by pres-
sure of 18 psig or lower.. , -

1110 Containers precooled or recooled to mlnus 70°¢C.
must reach destination within the follow1ng schedule. .

(a) 15 days from date of shipment when diborane net

“‘weight is 175 .to 200 pounds..

(b) 12 days from date of shipment when diborane net
weight is 100 .to 174 pounds. .. . _

True temperature ‘at or below -70°C. must be confirmed
by pressure -of . 32 p51g -or lower. .

Container shlpped as “empty“ of diborane must ALSO comply

with the following:

i. Must,be'verified'to be-”emptj“fby one-of'the[following:

{(a) The‘enoty weight must not exceed the marked tare

- weight by more than 5 pounds, or

(b} Leve].of']iquid_diborane must be belo- the bottom

of the dip tube. Loss of liquid seal will ve avident by
ability to vent gas pressure from the containe: (to user's
tank or other proper vent system) through the d¥p tubeo

AR Pressure must be- vented to 5etween 25 and 50 psig at
_ the time conta1ner is empt1ed. : , . .
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10.

d. .Provisions for shipment of methanbl-are'as follows:

i. .The only time methanol may be shipped is to satisfy. .
contractor's qualification acceptance tests. Under
these conditions neither the transit time restrictions
nor the requirement for cooling . apply.

ii. Add1t1dna11y, the'requirements of subparagraphs (a),.

(b), and (c) of this paragraph and the entire paragraph
9) do.not .apply ta methanol shipments.

MODES .OF .TRANSPORTATION .AUTHORIZED. . .Motor vehicle.

SPECIAL TRANSPORTATION REQUIREMENTS. .

a. A copy of this permit. kept current, must be carr1ed aboard ,
each motor vehicle. . : S . R

b. Shipments’ of diborane made under the terms of this permit
must be delivered within the time prescribed in paragraph 7(b).

¢. Each shipping paper must show thereon, following the
commodity description, the notation, appropriately executed:

DOT SPECIAL PERMIT NO. 6522
DATE OF SHIPMENT

IF NOT DELIVERED BEFORE_

DAYS CARRIER MUST ADVISE BUREAU
OF EXPLOSIVES, WASHINGTON, D.C.
BY WIRE.

d. £Each shipper must require acknowledgement of receipt of
shipment .from consignee by wire, to be confirmed in writing,
and must promptly notify the Bureau of Explosives (AAR) of
any such shipment not received at destination within two
days after shipment .is due.

e. Any common carrier by motor .vehicle transporting diborane
under the terms of this permit must be spe01f1ca11y approved
by the Federal H1ghway Administration. = -

REPORTING REQUIREMENTS. Any incident involving loss of contents

of the package.must.be reported . to this Board.as soon as practicable.

11,

EXPIRATION DATE. . September 15, 1972.

Issued at Washington, D. C. :

NO RD

Fiste (DAIT)

For the Administrator
Federal Highway Administration
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Address all inquiries to: Secretary, Hazardous'Materials Regulations
Board, U.S. Department of Transportation, Washington, D. C. 20590,
Attention: Special Permits. :

Dist: a, d,
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A. J. Toering
R. 0. Voegtly -

A A1 ERY cHEMICAL COMPANY
- OMISION OF MONE SAFETY APPLIANCES BOM'W

' CM.‘.EH\' PENNSYI.VANIA 16024 « PHGNE (412 538-3510 : I
A 24 Rpril 1972

Office of the Secretary of Transportation -
"Washington, D. C. 20590 ‘

"~ Attention: Mr. James Grothe
Chief, Special Permits Branch
| 0ff1ce of Hazardous Materials

Subject:  DOT Special Permit No. 6522
"~ Dear Mr. Grothe: _ '

- You have no doubt figured out that our letters crossed
';n the mails, which obsoletes a part of our 21 Apr11 1872
etter.

First Revision to Special Permit No. 6522 (Just received)
covers all items except provision for recooling, which was
the main thrust of our most recent letter. Attachments one

. and two to that letter are still applicable, as a followup
to your meeting with A. J. Toeriang on 13 April 1872.

To prevent confusion, you will find attached to this:
letter a list of modifications necessary to incorporate re-
cooling into First Revision of DOT Special Permit 6522. This =
will replace attachment three to our 21 April 1972 1etter.

We apprec1ate your cooperation 1n this jo1nt effort to -
achieve safe and practical shipment of diborane, and we look
forward to your reply on the recooling provisions. :

Very truly yours,

CALLERY CHEMICAL COMPANY
DIVISION OF MSA COMPANY

K. W. Beahm’“?"“""‘éég
KWB:jp
Attachments _ ' .

cc: Mr. R. M, Graziano, D1rector & Chief Inspector
Bureau of Explos1ves (AAR} .

. Mr. H. B. Powell, Technical Manager
Jet Propulsion Laboratory - p,qo a.79



Modjfications Necessary to Incorporate
Recooling Provisions in

SPECIAL PERMIT HO. 6522
'FIRST REVISION -

' After "1. BASIS.® delete present wording and replace with
;April 21, 1972 petition by Callery Chemical Company, Callery,
a." - S o o o

" Delete subparagraph 7{a)iii and subparagraph 7(b)ii. In their
place, add subparagraphs 7(b)ii and 7(b?iii; as follows: =

7(b)ii Containers precooled to minus 80°C. must reach
-destination within 15 days from date of shipment. True
temperature at or below -80°C. must be confirmed by
- pressure of 18 psig or lower.

7(b)iii Containers precoaled or recooled to minus 70°C.
must reach destination within the following schedule.

(a) 15 days from date of shipment when diborane net
weight is 175 to 200 pounds. '

(b) 12 days from date of shipment when diborane net
weight is 100 to 174 pounds. _

“True temperature at or below -70°C. must be confifmed
by pressure of 32 psig or lower.

In subparagraph 9(b)'delete "within 15 days from date of
shipment", .and in its place add "within the time prescribed
in subparagraph 7{(b)". . _
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be: H. W. Wilson -
A. J. Toering
R. 0.'V0egt1y E

z:::aimi_mf??’CﬂiEhAKZALt:tﬂVﬁ?qan

T DWISION OF MINE SAFETY APPLIANGCES COMPANY

CALLEHY. PENNSYLVANIA 18028 » PHONE (412} 538-3510

30 HMay 1972

'Off1ce of the Secretary of Transportation |
Nashlngton, p. C. 205890 . - .

'_ Attention:j Mr. James Grothe =
= .- Chief, Special Permits Branch
= Office of Hazardous Mater1ais

-'i'Subject-‘ ':DOT Spec1a1 Perm1t No. 6522 :
Zf-Deaf'Mr. Grothe"' | -

Dur1ng review of F1rst Rev1s1on to the subject perm1t,
one point has arisen which should be clarified.

- .. In subparagraph 7(c)i, terms are g1ven to define an . -
"empty” container. The statement "Pressure-should be .
vented to between 25.and 50 psig at the time container
is emptied." is incorporated in (b) of the subparagraph

" cited; whereas, this venting is a requirement for safety
in either case, (a) or (b). It is proposed, therefore,
- that the statement about venting be moved to subparagraph

_ 7{c)ii, making it a requirement of an “empty” container

' whether defined by (a) or (b) of subparagraph 7(c)i.

_ Perhaps ‘the above change cou]d be made when you 1ncor-.
porate provisions for shipment of a recooled container, as -
requested 1n our Tetters of 21 April 1972 and 24 Aprll 1972.ﬁ

| ' Very truly yours,

CALLERY CHEMICAL COMPANY - -
DIVISION OF WSA COMPANY

452¢4z514ﬁﬁnve/
K. W. aeahmdp—f—*fdﬁﬁ |

KWB: jp

cc: Mr. R. M. Graziano, Director & Chief InSpector
Bureau of Explos1ve' (AAR)

Mr. W. B.'Powell, Technical Manager
Jet Propulsion Laboratory
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be: C. E. Iman wirve T
‘A. J. Toering -~~~ 7 T T
....A .Z..Z.::-f" CHEMICAL GQMPANY'

DIVISIQN OF MING SAFRETY n”_l&‘\iCES COMPAW'.

CALLER“’ E“!‘ISYW"‘!!A 1a02~“.‘ > PHONE (2121 523 35‘0

. 30 AugusL 1979

-

"Office of ‘the Secretary of Tranéportaffon;

_Masn1nguon, D. C 20:90
Atiention: Mr. - James Grothe L

_ _ .‘:Ch1°f Special. Permlts Branch
Of 1ce ‘of. Hazardous %at=r1als:?“

- Sﬁbject:*“ DOT” Spec1a1 °ern1 105:6522 ¢f7?'~' ff*?*-*!'Wl'?ﬁ¢*fl$3

' Dear Mr. Grothe.;

L In accordance. w1th our te]ephone conversatlon today,:zq:§

- attached are the proposed revisions to the subject permit.~

~Thnis ;ncorporat S the provision for 15-day 1imit on sh1p-=

ment of an “empiy" containar and defines the racommended : £
method of cooling.  The word “"recoeling” has been delated-
in favor of_"caoling" because it is anticipated that the
minus 70°C. may be used as the initial temperature on’ some -
shipments, as well as passzble use for racooling containars
dn1avcd in uran51t. : .

In add1t1an, since the exp1rat1on dat= of tha subJect
- permit preaenu1y is September 15, 1972, it is hereby re- .
quastad that this permit be rnnewﬂd to extend the e"p1ra---
tioh date by one jear, to September ]5 1973. '

-Ven/ truly jours,_

2ChLL°R? CqEﬂLCAL CO!DQN._ -
DIYISIOH OF. MSA COMPANY <

K.‘H.,Beéhﬁﬂ%—
KM3:jp
“Attachmant

- ¢c: Hr. R. N. Graziano, Directer & Chief Inspector - -
. Bureau of E£xnlosives (AAR) ' B :

Mr. Y. 5. Powell, Technical nanager o .
Jat Propulsion Laborabcny : : - :
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Recommended Changas
irom FIRST REVISION
to SECOHND REVISION

of SPECIAL PERMIT Ne. 6522

After 1. " BAST T5.% de:ehe presnnt wordxng and replace wlth L
“April 21, 1972 and August. 30, 1972 peL1t10ns hj Ca?let/ Chnmlcal
Company, LaIIerj, Pa."

w-—.‘_._‘

Lelete subparagrapn 7(a1111 and subnara raph 7(b)11.“ In uheir L

. place, add. subpa*agraphs ?(h)lz and. ?(b 111; as. rollows* S

© . reach desutnatron w1th1n 15 dajs rrom date ot snxpnent“

{qka(b)ir“ Contazners precealed ta minus. 30°C- w1th I1qu&
. “pitrogen must. raach-destination within 15-days: fram: daua
.- of shipmentl. True temperature. at.or baiow -20°C.. must
.~ beicanfirmed by pressure of 18 ps1g ur-?ower'on daueio
'=psn1pment--A' c S T : :

'HJ7(b)111 Containers cooied to minus 70°C. WIth dty ga et
-~ {or liquid nitrogen) must reach des;xnat1un within the
1:fb]]ownu;schedul&,-iwg;w-.ﬁl f¢~p:1;,_q--- ;~4¢vw

-w“(a) '15-days From date . of sh1pmenu.when drbarane netﬂwJ.,*f%*
‘weight is 175 to 200 pounds. ; :

(b) 12 days from date of sh1pnent wnan d1b0ranp nat w31gab-
s IOG to z?d pounds : : v '

Trua Lempora.urn at or-balow —70 C. nust'be con.rrﬂed By
pressure of 32 psig or lower on date of snlpmanu.

- Hove  the statement "Prnasure should be vented to between 25 and 50"
'p519 at the time conptainer is emplieds - from subp&ragrapn ?(c)x(b)

.- to subparagraph 7(c)ii, wn1cn~has the effect of, nas1ngﬁttfappuxcahiavn
~to both 7(c)i(a) and.?(c)1(c).‘ . «;Tﬁﬁl?; .,az :

”Add subparagraph 7(c)iii, sua;1ng “Conua1ners sh1pped as. emptj nust“ |

In subparagraph g(b) deietQ "with1n 15 days from dats of shipment®, =
and in its place add "within the time prescribed 1n‘subo=ragrann 7(b)“-
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DEPARTHENT OF TRAWSPORTATION -
HAZARDOUS NATERIALS REGULATIOHS BOARD - - -
WASHINGTON, D.C. 20590 - -

SPECIAL PERMIT 0. 6522 -
"SECOND REVISION
(COMPLETE)

-

This special permit is issued pursuant to 49 CFR 170.15 of the

Jepartment of Transportation (DOT) Hazardous Materials .Regulations,.. ..

-as amendad, to authorize shipments of a-poisonous and compressed - -

gas; and a flammable liquid under conditions as-prescribed herein...

" This parmit does noturelieve any shipper-or carrier-{rom-compliance.- .-
~#ith any requirement o7 the DOT regulations, except as specitfically~
p ro vide d_. -z'-'a - 'ae z—e-i [ . IR B R ?_“:_‘._: R R -.....h_.'_ .V'.".n -

‘Standard.special permit requirements and conditions relating to. -0 -
package markings, preparation of shipping papers, shipping experi—<~:.
ance reports, etc., are published in 49 CFR 171.6. These.require---- -
nants are part of this special permit. "« 7 - 7L U agEaTn o L

1. BASIS. April 21,1972 and August 30, 1972 petitions by Callery . ..
‘Cnemical Company, Callery, Pa. ST . IR L

| COMMODITY. Diborane or methanol (methyl alcamol). = % "

2.
3. PROPER SHIPPING NAME (49 CFR 172.5).
d. For Diborane: Both "Compressed.gas,.n;o.s.'
- {Flammable}" and "Poisonous gas, n.o.s.".
b. -For Methanol: “Hethanol” or “Hethyl alconol". ' .
?}3 §§§ULATION WAIVED. 49 CFR 551731}19,-]73_304(a) (1)“§$d-elw;g. iy

5. AUTHORIZED SHIPPER. The petitioners identified above and o
customers wno register their ideatity with and receive acknowledgemsnt i~
frem this Board and have a copy of the:special-permit.. i i einEN TR

6. PACKAGIHG PRESCRIBED. In-a specially dessigned 36-inch diameter - - -
.spaericai inner tank having a maximum working pressure of 500 psigq . .-
~containing not less than 100 pounds nor mora than 200 pounds of pro~ .-l
duct. Inner tank is surrounded (excapt for the dry ice chamber) By
a2 48-inch diameter cylindrical shell containing perlite insulation, = .~
Container must be equipped with an audto-visual alarm to iwdicate B
tamparature above minus 35°C. Container must be Tabricated.and assamolad.
in accordance with details included in CVI Corporatcion’s drawings o
A358-5800 through A353-5321 on Tile with this Board. Excent as othar-. -
wise provided herein, the container must be qualified and prenarad . o
for shipment in accordance with the Callery's design and parformance . -
soecivications on Til2 with this Boargd: : _ )
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“Continuation of Ist Rav- SD 6327*”“?'"'*“ ' Te-Paga 2R

7. SPECIAL PACKAGING REQUIREZHEHTS.

‘a. A1l diborana snipments, including those which qua]ify“as “empt}“'
by subparagraph {(c), must comply with the following: o :

i. In addition te the Tlammabie-gas Tabal and the naisaa gas
1abel, each outsida shipping container must beara canspic-¥€*
uous labal reading as follows: M"IF NOT DELIVERED BEFORE - ;
> CAR RIEQ HUST ADVISE {Insert name and addross
of shipper), ALSQ THE BUREAU OF EXPLOSIVES, HASHILUGTOM, D. C.,
BY WIRZ.T . lhe-date -insarted. in=the-blank space an- th1s labelsr |
must not be in excess of the number of days prascribed here1n
--;;ram'the daue;sazpment;rs orfered far transportataon‘u
_.iiEx[Contazner-nJSu_navernotﬂTess-tnan.108 pounds or dry‘lcn in
- dry 1ce chamber on: the day sh1pment 1s made.. T

RN -.-.

b. hIT d1aorane sn:pnents exceo those wn1ch quallfy aslm:ﬁvw" .
subparagrapn (c) must also comp]; WTth the fo]]owwng‘”,

R F}IIing is to be hj we1ghu only.

ii. Containers precooled to minus 80°C. w1uh liguid n1t*ogen R
‘.. must reach destinmation witnin. 15 days from dats of ship~.
ment. True temperature at or below -80°C. must be -cam- =T .
firmed by pressure of 18 psig or ]oaer on-date of shipnant,y_

iii. Containers cooled to minus 70°C. with dry ice (or Tiquid
: nitrogzn) must reach des;xna;xan w1uh1n tne ‘0110w1ng
scheduie. _ : . G

(a) 15 days from date of shipmant when d1borane net.weignu
is.175 to 200 pounds. .

(b} 12 da/s from date-of s&rpnanu wnon dzborane neque1gnt*"ﬂ;~
' is !00 LO 174 DOJndS,.;‘- ; L - o :

True nparature at or below —70 c. nust be c0nr1rmed hy ‘
pressurﬁ of 42 9519 ar 1owar-on daue of sh1pment.- S

e r-.r‘q,_-.u

c. uonua1ner snipped as’ enpty of dtborane musu‘alsu camp}y-NIthw
the Tollowing: _ . _ N . 5;—__,d_ . =

i, Must ba_verified ta be "empty“-hy one of-the'followingiilﬁﬁﬁﬂ;;:

(a) The empty weignt must not exceed the marked‘uarﬁ
we1ght by more tham 5 poundsy or -
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© ‘Continuation-of ist.Rev $?76522 "

8.
9.

if.

i1i.-

ii.

.15 dajs Trom: data of: sthnent- L

: trac*or s qua?xaxcatian acceptance tasts.“‘Under-thase
- conditians.neither the-transititime. restr1cttans nor:»he
. requirement. for*nrecool1ng app1y._ ;;;E :

_Thdd1t10naliy, tne-requ1remenus nf subparagraphs {(a);5 (b},
- and {c¢) of this paragraph and the- ent1re paragraph (9} do

noaes DF‘TQARSPﬂﬂaﬁTIOﬁ A&Taopizs

() Level of Tiquid diborane must be below the bottam of . -~
“the dip tuba, Loss of 1iquid seal will be evidant by,
a3111t/ ko vent gas pressure from the container (LO'
usar's tank or other proper vent systen) tnrougn Lh
dip tube. _ ,

Pressure should ba vented to batween 25 and 50 psxg at Lne «?5{27
time containar is emptied. . -7 , _ ,,,ﬁl e T

Conua1ners shipped as empty must reach dastlnau1on wi*h.n .

;."'.—..

not apply to methanol sh1pm°nts. .

SPECIAL TPAWS”OPTATIOM QFOUIQEH HTS.;- |

a.

b.

Each shipping panar-must. shaw‘therhon, f0110w1ng thm"
- commodi ty- doscr1pt.07r,tne notatzan,-anpraprrata}'
'execu;ed** Uit e S Then T R _

A copy 0T LhTS parm1t, xnp» currnnt nust be carr1ed aboara,
2ach ﬂotar vehicle. . : : el :

Sn.pmants of d100rﬂnn made under the terms oF h1s pnrm1*
must be delivarad within the Limn prescribed 1n subpara- .

_graph 7{b).

. DOT SPECTAL PcRdIT uo, 0522
U DATE OF:SHIPMENT2m-
" IF 10T DELIVERED BEFORE
DAYS, CARRIER MUST ABVIZE -
- _BUREAU OF EXPLOSIVES, wasaxwercﬂ
'D.C. BYSMIRE. .

Each shi r omust requir& acknowtradgement oF recelpt o
o

‘shipmewt irom-comsignee by wire, to be confirmed in ur1t1ng

and must promptly notify the Burzau of Explosives (AAR) or
any sucn shinpment not received at 1est1nat10n withinm t»c
days after shipment is due. : ST,
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'Lant11uatlon Of‘TSuAQEV :P 632?

e. Any common carrier by motor veﬁlcle transgorutng d borano
.under the tarms or this permit musti be sp=c1r1ca}1y approvad
“ by the fednral H1ghwaj Adn1n1strat10n. .

10. REPORTING REQUIREMINTS. Any incident involving loss of contents -

of ihe pacsage must be renorted to- ths Board 3s .soon as: practtcao]e-”a_

17.. EKPFPATIOW DAT:.- Sepuember 15, 1973.

Issued at Washfﬂgtﬁﬂ,in-c,:;f4;

A. R F:sue

Faderai Hrghwaj Adninxsé}éftan
Addr°§§*$11*{nQui}ies“fb{"Sé&%éta?j; Hazardous Natérié1s'Reguiatibns-"
Board, U.5. Department of, TranSportatlon, Nashlngunn, 0. C 20:90 -
Autont1on.m bpecra] ?ermIts. - . i Ci T .
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1 JET PROPULSION LABORATORY Colifornia Institute of Technology » 4800 Oak Grove Drive, Pasadena, California 91103
September 22, 1972

Refer o 3W-WAP:)lgz
3EhCD~-72-729 :

Cfiice o the Secreitaxy of -
Tranapartation
Wasnington, D. C. 20590

Afttention: Mr. James Grothe .
Chief, Srecial Perwmits Branch
fice of Bazardous Materials

- Dear Mr. Grothe:
Subject: DOT Special Permit No. 6522

. Srecial Permit No. 6522 applies to an insulated contalrer svecislly desigred -
and fabricsted for the transportation of up to 200 Ih, of diborane. At presemt,
the permit is only for quantities of fram 100 to 200 iby of diborare, with ship=
ment tirme of fram 12 to 20 days, depending on the load and the initial cool-

down terperaiure.

. The Jet Propulsion leboratory anticipates the need to meite lceal transfars

of less than 100 1bm lots of diborane in support of vorious NASA condractas.

Tese transfers can usually e made in one day, picicrp to delivery. However, .

for conservatism, we ask that the rermit be amended to allow shipment o 5 to
2100 1by of diborare vhen:

&. The conteiver and its contents are precooled 4o -T0°C or
lower, and the cooliown temperaturs is confirmed by a measurad
uvllage pressure of 32 pslz or lower on the date of shipwem.

b. Thecontainerhasnotlzssthanlofilbmai’dryiceinthedry
icacanpa:tmutouyhedayafshipmnt o .

c, The contalrer mches ita destirmation within thm days
fronm the date of shitment -

In support of this request, I anclese & graph showing the msulté af a dry ice -
ccoldown Test rade with the empty container exposed to the sun at our test station
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B i JET PROPULSION LABORATORY California Institute of Technology « 4800 Oak Grove Drive, Pasadens, California 9110

Cifice of the Secretary of " 2= Septembver 22, 1972
T"ansnortation - : /\ .

on the grounds of Zdwards Air Force Base, in the Mojave Desert. The empty
contairer hed been cooled down and recharged several times with dry ice for
sbout two weeks, so it was in thermal equilidrium at about ~77°C wken the
21iral reckarge was made on Sepiember 1, 1572. The curve shows tbat if tte
recherge bked been to 108 lby of dry 1ce the period of tirce taken to evapcrale
the dry ice erd increase the contairer temperature to ~-35°C would have been
over seven days. .

The presence of diborzne in the contalner would probebly not bave increased -
the dry ice evaporation tiwme, but would bave incresased the warmp portion of -
the tire because of trte increased heat capacity of the container plus iis
contents. : .

This test data indicates that the requested modificeation to Spacial Pexmit
No. 6522 is comservative by a factor of more than two.

JPL anticipates having to meke a transfer of approaximately 90 lb, of diborane
to Rocketdyne, a distance of sbout 100 miles, during the week of Cctobker 10.

This is a most conservative case, since the transfer will be completed in ore
day and the G0 1bm of diborane will add appreciably to the heat capacity and

wartmip tire of the shirment.

It will be appreciated if permission to meke this one Dla.nned. transfey can

be cbtained by the October 10 date, as timely performance by Rocketdyne on a
NASA contract is involved.

Very truly yours,

Walter B. Powell
Member of Technicel Staff

Liquid Propwlsion Secticm -
Enclosure: Gra.ph |

ce: Mr. K. W. Bealm, Callery Chemical
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